This is the first edition of the PERIPHERAL DESIGN HANDBOOK. It 
contains datis and applications information about the world's most 
complete line of microprocessor peripheral devices. Intel® is com- 
mitted to providing the broadest line of tiigh capability peripherals 
for the Industry's leading microprocessor families, the MCS-48™, 
MCS-80^'*', and MCS-85™. 
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8041/8741 '^\5^ 
UNIVERSAL PERIPHERAL INTERFACE 
8 BIT MICROCOMPUTER 

■ Fully Compatibnie with 
MCS-SS^'^ and MCS-48T"' Mieroprocds- 
sor Families 

■ Single Level Interrupt 

■ 8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 

■ Single 5V Supply 

■ Alternative to Custom LSI 

The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports,, 
timer/counter, and clocit In a single 40-pin package. Interface registers are included to enable the UPl device to function as 
a peripheral controller in MCS-80'". MCS-85'", MCS-48™, and other 8-bit systems. 

The UPI-4r" has IK words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 version or as UV-erasable EPROM In the 8741 version. The 8741 and the 
8041 are fully pin compatible for easy transition from prototype to production level designs. 

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either inputs or 
outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 16 I/O lines. 
An 8-bit programmable timer/counter is included in the UPl device for generating timing sequences or counting external 
inputs. Additional UPl features include: single 5V supply, low power standby mode (in the 8041), single-step mode for 
debug(in the 8741), single level Interrupt, and dual working register banks. 

Because it's a complete microcomputer, the UPl provides more flexibility for the designer than conventional LSI interface 
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard 
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to 
microprocessor systeitfs.: 




■ Pin Compatible ROM and EPROM 
Veraions 

■ 1K X 8 ROM/EPROM, 64 x 8 RAM, 18 
Programmable I/O Pins 

■ Asynchronous Data Register for 
Interface to Master Processor 

■ Expandable t/O 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM R 

Ambient Temperature Under Bias 

StorageTemperature 

Voltage on Any Pin With 

Respect to Ground 

Power Dissipation 

D.C. AND OPERATING C 

Ta = O-C to 70X, Vcc = Vdd = 







Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


ViL 


Input Low Voltage(AII 

Except Xi, X2) 


-u.o 




U.O 


V 




VlH 


Input High Voltage (All 
Except Xi, X2 RESET) 


2.0 




Vcc 


V 




V|H2 


Input High Voltage (Xi, 
RESET) 


3.0 




Vcc 


V 




Vol 


Output Low Voltage (D0-D7, 
Sync) 






0.45 


V 


lOL = 2.0 mA 


V0L2 


Output Low Voltage (All 
Other Outputs Except Prog) 






0.45 


V 


loL = 1-6 mA 


VOH 


Output High WsOtage tDo-D?) 


2.4 






V 


loH = -400/iA . • 


VOHI 


Output High Voitage (All 
Other Outputs) 


2.4 






V 


loH = -50jwA 


ilL 


Input Leakage Current 

(To, Ti, RD, WR, CS, Ao, EA) 






±10 




Vss<ViN<Vcc 


lOL 


Output Leakage Current 
(D0-D7, High Z State) 






±10 


mA 


Vss + 0.4§.S ViN-:S)fe<9i " ; 


Idd 


Vdd Supply Current 




10 


25 


mA 




Ice + Idd 


Total Supply Current 




65 


135 


mA 




VOL3 


Output Low Voltage (Prog) 






0.45 


V 


lOL = 1.0 mA 


Ilii 


Low Input Source Current 

P10-P17 P20-P27 






0.4 


mA 


ViL = 0.8V- - 


IlI2 


Low Input Source Current 
RESET, SS 

1 






0.2 


mA 


ViL = 0.8V 



A.C. CHARACTERISTICS 

Ta = 0°C to 7Q°C, Vcc = Vdd = +5V ±5%, Vgs = OV 
DBB Rsod: 



Symbol 


Parameter 


8741 


8041 


Units 


Test Conditions 


MIn. 


Max. 


MIn, 


Max. 


tAR 


CS, Ao Setup to RD * 


60 









ns 




tRA 


CS, Ao Hold After RD t 


30 









ns 






RD Pulse Width 


300 


2xtcY 


250 




ns 


tcY = 2.5 |iS 


tAD 


CS, Ao to Data Out Delay 




370 




150 


ns 




tpD 


RD I to Data Out Delay 




200 




150 


ns 




toF 


RD fto Daffa' Float Oetay 


10 




10 




ns 






140 




100 


ns 




*RV 


Recovery Time Between Reads 
And/Or Write 


1 




1 




p<S 


h "• 


tcY 


Cycle Time 


2.5 




2.5 




/iS 


6 MHz Crystal 



RATINGS* 

0°Ctp70°C 

-65°Cto+150''C 

-0.5V to +7V 

1.5 Watt 

CHARACTERISTICS 

= +5V ±5%, Vss = OV 



'COMMENT: Stresses above those Usted under "Absolute 
Maximum Ratings" may cause permam^T'dBrfm^.ta, the 
device. This is a stress rating only and fad^po/ia't 
tion of the device at these or any other conSttipflii^b^^S^ 
those indicated in the operational sections of thiis^pi^J-^^jL^ 
cation is not implied. Exposure to absolute maxi^rifi>^^ ^ 
rating conditions for extended periods Mt' aiffliet device 
reliability. ' 
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Symbol 


Parameter 


8741 


8041 


Units 


Test CondmQn1%, 


Min. 


Max. 


Min. 


Max. 




CS. Ao Setup toWR*' 


60 









ns 






CS, Ao Hold After WRit' 


30 









ns 






WR Pulse Width 


300 


2xtcY 


250 




ns 


tcY = 2.5 MS 


tow 


Data Setup to WR t 


250 




150 




ns 




tWD 


mmVvmH^ax WRt 


30 




. .ei-' 




ns 





A.C. TiST GQNmONS 

D7-D0 Outputs R L = 2.2k to Vss 
4.3k to Vqc 
Cl = 100 pF 



WAVEFORMS 

Read OpwtMltm * DiWa Bus Buffer Register 



3(: 



< 



- DATA VALID- 



> 



V 



(READ CONTROL) 



Write Operation — Data Bus Buffer Register 

, ;.>/ '.<! .1.1,' 



C5QR Ao 



IX 



X 



X 



J" 



(MmiTE CONTROL] 



DATA BUS 
(INPUT) 



3C 
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PIN DESCRIPTION 
Signal Description 



D0-D7 

P10-P17 
P20-P27 



WR 



m 



CS 



Ao 



To, Ti 



Xi, X2 
SYNC 

EA 

PROG 
RESET 
SS 



Vcc 
Vdd 



Three-State, bi-directional, DATA BUS 
BUFFER lines used to interface the UPI-41 
to an 8-bit master system data bus. 

»-blt, PORT 1, q(uasi-bi-directional I/O 
lines. 

8-bit, PORT 2, quasi-bi-directional I/O 
lines 

The fev»eF4-bitSjf^'P23.) interface directly 
to the 8243 I/O expander device and con- 
tain address and data information during 
PORT 4-7 access. 

I/O write input which enables the master 
GPU to write data and command words to 
the UPl-41 DATA BUS BUFFER. 

I/O read input which enables the master 
CPU to read data and status words from the 
DATA BUS BUFFBR or status register. 

Chip select input uiSsJ jta select one UPI-41 
em of several conns^^ t3 a common data 
bus. 

Address Input used by the master proces- 
sor to indicate whether byte transfer is data 

or command. 

Input pins which can be directly tested 
using conditional branch instructions. 

Tf also funetiorts -as the event timer Input 
(■under software controlj. 

To is used during PROM programming and 
verification in the 8741, 

Inputs for a crystal, LC or an external tim- 
ing signal to determine the internal oscil- 
lator frequency. 

Output signal which occurs once per UPI- 
41 instruction cycle. SYNC can be used as a 
strobe for external circuitry; it is also used 
to synchronize single step operation. 

External access input which allows emula- 
tion, testing and PROM/ROM verification. 

Multifunction pin used as the program 
pulse input during PROM programming. 

During I/O expander access the PROG pin 
acts as an address/data strobe to the 8243. 

input used to reset status flip-flops and to 
set the program counter to zero. 



Vss 



RESET is also used during PROM program- 
ming and verification. 

Single step input used in the 8741 in 
conjunction with the SYNC output to step 
ttie program through each instruction. 

+ 5V power supply pin, 

+5V during normal operation. Programming 
supply pin during PROM programming. Low 
power standby pin in ROM version. 
&muit girbund potentiai. 



UPl INSTRUCTION SET 
Mnemonic Description 



Bytes Cycles 



ACCUMULATOR 



ADD A.Rr 


Add register to A 


■1 


ADD A,@Rr 


Add data memory to A 


1 


ADD A,#data 


Add immediate to A 


2 


AOOC A,Rr 


Add immed, to A with carry 


1 


ADOC A,@Rr 


Add immed, to A with carry 


1 


ADDC A.#data 


Add immed. to A with carry 


2 


ANL A.Rr 


AND register to A 


1 


ANL A.gRr 


AND data memory to A 


1 


ANL A.#data 


AND immediate to A 


2 


ORL A.Rr 


OR register to A 


1 


ORL A.@Rr 


OR data memory to A 


1 


ORL A,#data 


OR immediate to A 


2 


XRL A,Rr 


Exclusive OR register to A 


1 


XRL A,@Rr 


Exclusive OR dat? roemgr^.to.A, 


1 


XRL A,#data 


Exclusive OR imme(iiy8%A 


2 


INC A 


Increment A 


1 


DEC A 


Decrement A 


1 


CLR A 


Clear A 


1 


CPL A 


Complement A 


1 


DA A 


Decimal Adjust A 


1 


SWAP A 


Swap digits of A 


1 


RL A 


Rotate A left 


1 


RLC A 


Rotate A left through carry 


1 


RR A 


Rotate A right 


1 


RRC A 


Rotate A right through carry 


1 


INPUT/OUTPUT 




IN A.Pp 


Input port to A 


1 


OUTL Pp.A 


Output A to port 


1 


ANL Pp,#data 


AND irrmediate to port 


2 


ORL Pp.#data 


OR immediate to port 


2 


IN A,OBB 


Input DBS to A, clear IBF 


1 


OUT DBB.A 


Output A to DBB, set OBF 


1 


MOVD A.Pp 


Input Expander port to A 


1 


MOVD Pp.A 


Output A to Expander port 


1 


ANLD Pp.A 


AND A to Expander port 


1 


ORLD Pp.A 


OR A to Expander port 


1 


DATA MOVES 






MOV A.Rr 


Move register to A 


1 


MOV A.mr 


Move data memory to A 


1 


MOV A.#data 


Move immediate to A 


2 


MOV Rr,A 


Move A to register 


1 


MOV @Rr,A 


Move A to data memory 


1 


MOV Rr,#data 


Move immediate to register 


2 


MOV @Rr,#data Move immediate to data memory 


2 


MOV A.PSW 


Move PSW to A 


1 


MOV PSW.A 


Move A to PSW 


1 


XCH A.Rr 


Exchange A and register 


1 


XCH A,@Rr 


Exchange A and data memory 


1 


XCHD A.@Rr 


Exchange digit of A and register 


1 


MOVP A,@A 


Move to A from current page 


1 


M0VP3, A,@A 


Move to A from page 3 


1 



TIMER/COUNTEB 

MOV A,T Read Timer/Counter 

MOV T,A Load Timer/Counter 

STRT T Start Timer 

STRT CNT Start Counter 

STOP TCNT Stop Timer/Counter 

EN TCNTI Enable Timar/Counter Interrupt 

DIS TCNTI Disable Timer/Counter Interrupt 
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Mnemonic 



Description 



Bytes Cycles 



CONTROL 

EN I 
DIS I 
SEL RBO 
SEL RB1 

NOP 

REGISTERS 

INC Rr 
INC @Rr 
DEC Rr 

SUBROUTINE 

CALL addr 

RET 

RETR 

FLAGS 

CLR C 
CPL C 
CLR FO 
CPL FO 



Enable IBF Interrupt 
Disable IBF Interrupt 
Select register bank 
Select register bank 1 
No Operittoa 



Increment register 
Increment data memory 
DecrejfiSfa illBlltfir 

Jump to subroutine 
Return 

Return and restore status 



Clear Carry 
Complement Carry 
Clear Flag 
Complement Flag 



CLR F1 
CPLF1 



Clear F1 Flag 
Complement F1 Flag 



1 


BRANCH 








1 
1 


JMPaddr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 




DJNZ R,addr 


Decrement register and skip 


2 


2 


1 


JC addr 


Jump on Carry = 1 


2 


2 


1 


JNC addr 


Jump on Carry = 


2 


2 




JZ addr 


Jump on A Zero 


2 


2 


JNZ addr 


Jump on A not Zero 


2 


2 




JTO addr 


Jump on TO = 1 


2 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


2 


JT1 addr 


Jump on 11 = 1 


2 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 




JFO addr 


Jump on FO Flag = 1 


2 


2 




JF1 addr 


Jump on F1 Flag = 1 


2 


2 


1 


JTF addr 


Jump on Timer Flag = 1, Clear Flag 


2 


2 


1 


JNIBF addr 


Jump on IBF Flag = 


2 


2 


1 


JOBF addr 


Jump on DBF Flag = 1 


2 


2 


1 


JBb addr 


Jutnp on Accumulator Bit 


2 


2 



APPLICATIONS 



2D pF 6 MHz 20 pF 
-fi l2TXTftLllPlxTAUt3l 1^ 

ZMr, — — - 




•THE 8041 DOES NOT REQUIRE 
B216 BUS DillVERS 



Figure 1. Recommended 8741 Interface to an 8085 System 



KEYBOARD 
MATRIX 



7S 



DOT MATRIX PRfNTEfl 



PORT 2 PROG 



PORT 2 
8041/8741 

DBB CONTROL 



PORT 1/PORT 2 





DATA BUS 




1 1 




CONTROL BUS 





DATA BUS 



CONTROL BUS 



TT 



Figure 2. 8041 -8243 Keyboard Scanner 



Figure 3. 8041 IMatrbc Printer Interface 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 8741 EPROM 



Progratnmlng/Verifieatton 



In brief, the profiranimtng process consists of: acti^- 
ing the program mode, applying an address, latching the 
address, applying data, and applying a programming 
pulse. Each wold Is programmed completely t>efore 
moving on to the next and is followed by a verification 
step. The follonving Is a list of the pins used for program- 
ming and a description of their functions: 



Pin 


Function 


XTAL1 


Clocl< Input (1 to 6 MHz) 


RESET 


Initiattzatfon and address latching 


TESTO 


Selection of program or verify mode 


EA 


Activation of program/verify modes 


BUS 


Address and data input data output during 




verify 


P20-1 


Address input 


VOD 


Programming power supply 


PROG 


Piipgram pulse input 



The program/verify sequence is: 

1. Woo = 5V, clocl< applied or internal oscillator 
operating, RESET = OV, TEST = 5V, EA 5V, 
BUS and PROG floating. 

2. Insert 8741 in programming socket. > 

3. TEST = OV (select program mode). 

4. EA = 25V (activate program mode). ^ 

5. Address applied to BUS and P2Q-1. 

6. RESET = 5V (latch address). ' 

7. Data applied to BUS. 

8. Vq = 25V (programming power). 

9. PROG = OV followed by one 50 ms pulse lO^V. 

10. Vdd = 5V. 

11. TESTO = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TEST = OV. 

14. RESET = OV and repeat from step 5. 

15. Programmer should be at conditions of step 1 when 
8741 is removed from socket. 

Programming Options 

The 8741 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid. 

2. Universal PROM Programmer (UPP-101 or UPP-102) 
Peripheral of the Intellec® Development System with 
a UPP-848 Personality Card. 







- BUS AND PROG CAM BE DRIVEN ONLY DURING THIS'TIME - 



ADDRESS A0-A7 



X 



} Q 



ADDRESS A1-A9 



> 



Vqo 



raoo *sv- 
•ov 



WARNING; An attempt to program a inluockatod 8748 wiir rasult in iovara damage to the part. An indication of a properly iocketod part 
I* tNeailpaeranco of the ALE dock output. The lack of tMs dock may bo uead to dfaeWe the programntar. 



Flguie S. Programming/Verification Sequence 
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8741 Erssurs QtwrflCterlstics 

The erasure characteristics of the 8741 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths In the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8748 in approximately 3 years while it would take ap- 
proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741 is to be exposed to these 
types of Wghtteg eort|l^|pns for extended periods of 

A.C. TIMING SM^fFICATION FOR PROGRAMMING 

Ta = 2sm m'c vcc = 5v ±5%, Vdd = w 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET I 


4tcy 








tWA 


Address Hold Time After RESET 1 


4!cy 








tow 


Data in Setup Time to PROG 1 


4icy 








tWD 


Data in Hold Time After PROG i 


4tcy 








tPH 


RESET Hold Time to Verify 


4icy 








tVDDW 


Vdd 


4tcy 








tVDDH 


Vdd Hold Time After PROG 1 











tpw 


Program Pulse Width 


50 


60 


MS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay 




4icy 






tww 


RESET Pulse Width to Latch Address 


4tcy 








tr, tf 


Vdd and PROG Rise and Fall Times 


0.5 


2,0 






tCY 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Time Before EA t 


4tcy 









Note: If TEST Wgh, Ipg ean be triggered by RESET 1. 



D.C. SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ±5°C, Vqc = 5V ±5%, Vqd = 25V ± IV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 




Veal 


EA Voltage Low Level 




5.25 


V 




lOD 


Vdd High Voltage Supply Current 




30.0 


mA 




IPROQ 


PROG High Voltage Supply Currerrt 




16.0 


mA 




Iea 


EA High Voltage Supply Current 




1.0 


mA 
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time, opaque labels are available from Intel which 
should be placed over the 8741 window tP prevent 
unintentional erasure. 

The recommended erasure procedure for the 8741 is ex- 
posure to shortwave ultraviolet light which has a wave- 
length of 2537 A. The integrated dose (i.e., UV intensity 
X exposure time) tor erasure should be a minimum of 15 
W-sec/cm^. The erasure time with this dosage is approx- 
imately 15 to 20 minutes using an ultraviolet lamp with a 
12,000 HW/cm2 power rating. The 8741 should be placed 
within one inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be 
removed befpff enasure. 



8205 

HI^H Sf>EED 1 OUT OF 8 BINARY DECODER 



I/O Port or Memory Selector 

Simple Expansion — Enable Inputs 

High Speed Schottky Bipolar 
Technology — 18 ns Max Delay 

Directly Compatible with TTL Logic 
Circuits 



■ Low Input Load Current — 0.25 mA 
Max, 1/6 Standard TTL input Load 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10 mA Min 

■ 16-Pin Dual In-Line Ceramic or Plastic 
Package 



The Intel'* 8205 deceider cian be used for expansion of systems which utilize Input ports, output ports, and memory 
components with acttve low chip select Input. When the 8205 is enabled, one of its 8 outputs goes "low", thus a single 
row of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large 
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory 

expansions. 

The 8205 is packaged in a standard 1i5-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to -i-75°C, ambient. Tfie use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffusslon process. 



flN CONFIGURATION LOGIC SYMBOL 





1 


16 


_|v<:c 




*o 


Co 




- *,e: 


|2 


15 


ZlOo 




Ai 


Oi 






3 


14 


=lo, 




A2 


02 




E.'CZ 


'* 

5 


13 

8205 

12 


ZIO2 






03 

8205 

O4 




E3C: 


6 


11 






El 


O5 








10 


□ 0, 




Ej 


Os 




grdI 


8 


9 


ZlOe 




E3 


O7 





PIN NAMES 



*0- Az 


ADDRESS INPUTS 


El E3 


ENABLE INPUTS 




DECODED OUTPUTS 



H H H H 



H H H H 
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FUNCTIONAL DESCRIPTION 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 

code. 

For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputswill follow the truth table shown below in 
the same manner for<gl eMiir input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 




Figure 1. Enable Gate 
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APPU^flONS OF THE 8205 

The 8205 can be in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 

address bus, chip select signals can l)e generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, SI, S2) of the 8008 CPU. 

I/O Port Decoder ' 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is Die MSB. By ^nsctioa #em to the decoders as 
shown, an active tow signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any ethor decoder niated application. 
Note that-no>.(^«temiA-gating Is required to decode up to 24 
exclusive devii^ and that a $imple>additianM>f an inverter 
or two will allow expansion to even larger decoder net- 
works. 

Chip Select Decodcir 

Using a very similar circuit to the I/O port decoder, an ar- 



*2- 



ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAIVI and 
are IK in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active "low" chip 
select (CS). The lower order address bits A0-A9 which come 
from the microprocessor are "bussed" to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location Within the sdected' device. Thusi all ad- 
dresses thixjughout the entire 'fnerflW^^rray are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 




Figure 2. W9 ftoit Beeoder 



Figure 3. 32K Memory Interface 
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Logic Element Exmnf^ 

Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the "on-chip" 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 

An excellent example of such an application is the "state 
decoder" in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO, SI, S2) that indicate the 

nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 

In the figure belicfw a circuit is shown using the 8205 as the 

"state decoder" for an 8008 CPU that not only decodes the 
SO, S1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. TheTl 



and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 

The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider Tl out- 
put, the boolean equation for it would be: 

Tl = (S0-S1S2)(SYNCPhase 2RKet) 

A six input NAND gate plus a few inverters would be need- 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 




Figure 4. 8205 State Decoder Circuit 
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Temperature Under Bias: 



Ceramic 
Plastic 



Storage Temperature 
All Output or Supply Voltages 
Afl Itiput'Vetliiges'i 
Output Ciwriisnts 



-65°C to H25°C 
-65°C to +75°C 

-65°C to +160°C 

-0.5 to +7 Volts 

-1.0 to +5.5 Volts 

125 mA 



-COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specif ication is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. ' . 
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SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


'f 


INPUT LOAD CURRENT 




-0.25 


mA 


V(,j, = 5.25V, Vp = 0.45V 


>R 


INPUT LEAKAGE CURRENT 




10 


jiA 


V(,j, = 5.25V, Vp = 5.25V 


Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V(,j, = 4.75V. Ij, = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




.0.45 


V 


Vj,j. = 4.75V, Iq|^= 10.0 mA 


Vqh 


OUTPUT HIGH VOLTAGE 


2.4 




V 


V(,j.=4.75V.lo„= -1.5 mA 


V,L 


INPUT "LOW" VOLTAGE 




0.85 


V 


Vcc = 5.0V 


V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


Vcc = 5.0V 


■sc 


OUTPUT HIGH SHORT 
CmeUIT CURRENT 




-120 


mA 


Vcc = 5.0V, Vqut = OV 


Vox 


OUTPUT "LOW" VOLTAGE 
; ® NliaH CURRENT 




0.8 


V 


Vcc = 5.0V. lox^tOmA 


'cc 


PCIWER SUPPLY CURRENT 




70 


mA 


Vcc = 5.25V 



TYPICAL CHA.RACTERl;^lCS 
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DATA TRANSFER FUNCTION 
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SWITCHING ©fllkflACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



Test Waveforms 

ADDRESS OR ENABLE 



OUTPUT 



A.C. CHARACTRISTICS 



Ta = 0°C to +75°C, Vcc = 5V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


U+ 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_+ 


18 


ns 




t+_ 


18 


ns 




t 


18 


ns 






INPUT CAPACITANCE P8205 


4(tvp.l 


pF 


f - 1 MHz. Vcc ■ 
VbiaS = 20V,Ta=25OC 


C8205 


5(typ.) 


pF 



1. This parameter is penodicaMv ^mpled arid is not 100% tehe#. 



Test Load 



1 





; 390* 















All Transistors 3N 2369 or Equivalent. Cl = 30 pF 





TYPICAL CHARACTERISTICS 



ADDRESS OR ENA3LE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 
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Si 
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5.0V 
30 pF 




t, _ . t_ _ 





























LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE (•CI 
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8212 

8 BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data Register and 
Buffer 

Service Request Flip-Flop for Interrupt 
Generation 

Low Input Load-Q(fr|»nt?iftH^£5 mA nftax 
3-State Outputs 
Outputs-Sink 15 mA 



■ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU or 8008 CPU 

■ Asynchronous Register Clear 

■ Replaces Buffers, Latches, and Multi- 
plexers in Microcomputer Systems 

■ Reduces System Paclcage Count 



The Intel® 8212 Input/output port consists of an 8-blt latch with 3-state output buffers along with control and device 
selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 

microprocessor. 

The device is multiinode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal perig|in|l ai^ inptuttoutg^ functions of a microcomputer system can be implemented with this device. 

* Note: The specifications f« tlW 3^ arevi;|[inite«l with those tor the 8212. 
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[I>Dlj- 

[7>Dl3- 

II>PH- 

E>Pl7- 
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FUNCTIONAL DESCRIPTION 
Data Latch 

The 8 flip-flops that make up the data latch are of a 
"D" type design. The output (Q) of the flip-flop will 
follow the data input (D) while the clock input (C) is 
high. Latching will occur when the clock (C) returns 
low. 

The d ata la tch is cleared by an asynchronous reset 
Input (CLR). (Note: Clock (C) Overides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (Q) are connected to 

3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables the buffer to transmit the data from 
the outputs of the data latch (Q) or disables the 
buffer, forcing the ott^t into- a high impedance 
state. (3-state) 

This high-impedance state allows the designer to 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 

Control Logic 

The 8212 has control inputs CiST, DS2, MD and 
STB. These inputs are used to control device selec- 
tion, data latching, output buffer state and service 
request flip-flop. 

DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When 
DS1 is low and DS2 is high (DS1 • DS2) the device is 
selected. In the selected state the output buffer is 
enabled and the servje® request flip-flop (SR) is 
asynchronously set. ■ ^ 

MO (Mode) 

This input is used to control the state of the output 
buffer and to determine the source of the clock input 

(C) to the data latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (0) to the data 
latch is from the device selection logic (DS1 • DS2). 
When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 • 
DS2) and the source of clock (0) to the'data latch is 
the.STB (Strobe) input. 

STB (Strobe) 

This input is used as the clock (0) to the data latch 
for the input mode MD = 0) and to synchronously 

reset the service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

1 



Service Reqeust Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asyn- 
chronously set by the CLR input (active low). When 
the (SR) flip-flop is set it is in the non-interrupting 
state. 

The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a "NOR" gate. The other input 
to the "NOR" gate is non-inverting and is connected 
to the device selection logic (DS1 • DS2). The output 
of the "NOR" gate (INT) is active low (interrupting' 
state) for connection to active low input priority 
generating circuits. 

SERVICE REQUEST FF 
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DATA LATCH 
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DATA LATCH 
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DATA IN 
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CLR ' {^ OSjl STB 'Sfi I INT 
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CLR - RESETS DATA LATCH 
SETS Sfl FLIP FLOP 
INO EFFECT ON OUTPUT BUFFER! 



Figure 1. Service F|ip-Flop Function 
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MICROCOMPUTER SYSTEMS 

• Basic schematic symbols 

• Gated gtMer • ' 

• Bidirectional bus driver 

• Interrupting input port 



• Interrupt instruction port 

• Output port 

• 8080A status latch 

• 8085A address latch 



Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics — (1) the top being the detailed view 
showing pin numbers, and (2) the bottom being the 
symMie vieur 'allowing the system input or output 



as a system bus (bus containing 6 parallel lines). 
The output to the data bus is sprSie^lifi'^^M'eric- 
ing 8 parallel lines. ' ' "'' ' 



INPMT 
STROBE 



INPUT DEVICE 
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STB 
Dl DO 
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8212 


15 
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20 




19 


22. 


CLR TnT 


21 


14 


/ MD \ 
DS, 1 DSj 


23 



'1 |2 
GND 



SYSTEM 
INPUT 



rr 



DATA BUS 



Figure 2. Basic Schematic Symbols 



OUTPUT DEVICE 



INT CLR 

MD 

DS, DS, 



OUTPUT 

" f tAG 



SYSTEM 
OUTPUT 



Gated Buffer (3-Stat^ 

The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic 0S1 and DS2. 
When the device selebtion fogic Is false, the outputs 
are 3-state. 

When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 i|iilfi amps. The minimum 
high output is %#§iyol^. 




Figure 3. Gated Buffer (3«Stai^ 
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Bidirectional Bus Driver 

A pair of 821 2's wired (bacl(-to-bacl<) can be used 
as a symmetrical drive, bi-directional bus driver. 
The devices are controlled by_the data bus input 

control which is connected to DS1 on the first 8212 
and to DS2 on the second. One device Is active, and 
acting as a straight through bjffer the other is in 
3-state mode. This is a very useful circuit in small 
system design. . ' , 



DATA C 
BUS L 



TV 



DATA BUS 
CONTROL - 
(O- L - R) 
(I = R - L) 



STB 



GND 



1=^ 



— \ DATA 
^ BUS 



Interrupting Input Port 

This use of an 8212 Is that of a system input port 
that accepts a strobe from the system input source, 
which In turn clears the service request flip-flop 
and interrupts the processor. The processor then 
goes through a service routine, Identifies the port, 
and causes the device selection logic to go true — 
enabling tNt s^stsni) iiput data onto the data bus. 



F^ura 4. BMiraetlonal Bus Driver 




SELECTION -\ 
(DSVDS2) L 



TO PRIORITY CKT 
(ACTIVE LOW) 



TO CPU 

INTERRUPT INPUT 



Interrupt Instruction Port 

The 8212 can be used to gate the interrupt instruc- 
tion, normally RESTART instructions, onto the data 
bus. The device Is enabled from the Interrupt 
acknov\/ledge signal from the microprocessor and 
from a port selection signal. This signal Is normally 
tied to ground. (DS1 could be used to multiplex a 
variety of interrupt instruction ports onto a com- 
mon bus). 



.J 



Figure 5. interruptiag Input Port 



RESTART 
INSTRUCTION 
(RST 



RT i^-L-K 

JCTION V > 
— RST 7) 



(DSD PORT SELECTION 
INTERRUPT ACKNOWLEDGE 




Figure 6. Interrupt Instruction Port 
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Output Port (With Handshaking) 

The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-shaking signal such as ".'eception of data" 
from the device that the system is outputting to. It 
In turn, can Interrupt the system signifying the re- 
ception of data. Tjie sel<^ctiorr of th e port comes 
from, the d^icaseiection logic. (DSI • DS2) 
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INT CLR 










1 ? 





SYSTEW 



SYSTEM RESET 



1 PORT SELECTION 
h llATCH CONTROL) 



Figure 7. Output Port <WHh HaiiMMMntf 



8080 Status Latch 

Here the 8212 Is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal true, which is con- 
nected to the DS2 input and the phase 1 signal is 
true, which is a TIL level coming.from the clock 
generator: then, the status data will be^' latched into 
the 8212. 



Note: The mode signal is tied high so that the output 
on the latch Is active and enabled all the time. 
It Is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
controLbus. 
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CONTROL 
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T1 


T2 








































: 







Figure 8. 8080 Status Latch 
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amstk hemOrOae Address Latch 

The 8085A microprocessor uses a nultiplexed address/ 
data bus that contains the low order 8-bits of address 
information during the first part of a machine cycle. The 
same bus contains data at a later time in the cycle. An 
address latch enable (ALE) signal is provided by theSOBSA 
to be used by the 821 2 to latch the address so that it may be 
available through the w/hole machine cycle. Note: In this 
configuration, the MODE input is tied high, keeping the 
8212's output buffers turned on at all times. 




Figure 9. 8085A Low-Order Address Latch 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature under bias plastic 0°C to 75°C 

Storage temperature 0°C to 75°C 

Aii output or supply voltages - 0.5V to + 7V 

All input voltages : -1.0V to +5.5V 

Output currents 1 00 mA 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these or at any 
other condition above those Indicated in the operational sections of 
this specification Is not Implied. 



D.C. CHARACTERISTICS 

= 0°C to +75°C Vcc = +5V ±5% 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


IMin. 


Typ. 


Max. 


If 


Input Load Current 

AGK^ OSi, CR, Pli-DI, Inputs 


-.25 


mA 


Vf = .45V 


If 


Input Load Current 
MD Input 


-.75 


mA 


Vf = .45V 


If 


Input Load Current 

DS, Input 


-1.0 


mA 


Vf = .45V 


If. 


Input Leal<age Current 
ACK, DS, CR, DIrDle Inputs 


10 


jitA 




Ir 


Input Leakage Current 
MO Input 


30 


jxA 


V„<Vcc 


u 


Input Leakage Current 
OS Input 


40 


/xA 


Vr<Vcc 


Vc 


Input Forward Voltage Clamp 


-1 


V 


Ic = — 5foA 




Input "Low" Voltage 


.85 


V 


V,H 


Input "High" Voltage 


2.0 


V 


Vol 


Output "Low" Voltage 


.45 


V 


loi = 15 mA 


VoH 


Output "High" Voltage 


3.65 


4.0 




V 


loH = -1 mA 


Isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = OV, Vcc = 5.0V 


lo 


Output Leakage Current 
High impedance State 


20 


JU.A 


Vo = .45V/5.25V 


Ice 


Power Svpply Current 




90 


130 


mA 
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DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 

VS. TEMPERATURE VS. TEMPERATURE 




-2S 2S so 7S 100 -2S 25 SO 7S 100 



TEMPERATURE PCI TEMPERATURE ( CI 
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A.C. CHARACTERISTICS ' , 

Ta = OX to +75°C, Voc = +5V ±5% ' " ' ' ' ^ "' 



Symbol 


Parameter 


Limits 

Min. Typ. Max. 


Unit 


Test Conditions 




Pulse Width 


25 


ns 




tpd 


Data To Output Delay 


30 


ns 




tw. 


Write Enable To Output Delay 


40 


ns 




tsat 


Data Setup Time 


15 


ns 




th 


Data Hold Time 


20 


ns 




t 


Reset To Output Delay 


40 


ns 




t. 


Set To Output Delay 


30 


ns 


* 


t, 


Output Enable/bisable Tin^e 


45 


ns 




t= 


Clear To Output Delay 




ns 





CAPACITANCE* 

F= = 1 MHz. Vbias *^!%^.<Vcc = +5V,Ta = 25fe 



Symbol 


Test 


LIMITS 


Typ. Max. 


CiN 


DSi MD Input Capacitance 


9pF 12 pF 


CiN 


DS,, CK, ACK, DlrDl, 
Input Capacitance 


5 pF 9 pF 


CoUT 


D0i-D0a Output Capacitance 


8pF 12 pF 



'This parameter Js sampled and not 100% tested. 



SWITCHING CHARACTERISTICS 

Conditions of Test Test Load 

Input Pulse Amplitude = 2.5 V iSmA & 30pF 



Input Rise and Fall Times 5 ns 
Between IV and 2V Measurer 
witti 15 mA & 30 pP Te^ Load 



Between 1 V and 2V Measurements made at 1 .5V ^ 



TO 

D.U. 



LU.T.° 1 

•30 pF ^ ^ 6 1 



• INCLUDING JIG ft PROBE CAPACITANCE 



8251 A 

PROGRAMMABLE COMMUNICATION INTERFACE 



■ Error Detection — Parity, Ovi^:!^ and 
Framing '^;'\,%^| 



■ Synchronous Asynchronous 

m Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; AuioifttBitic Sync insertion 

■ Asynchronous 5-8 Bit Characters; 
Clock Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
iy2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and iHandlIng; 19.2K Baud. 

■ Baud Rate -* DC to 69K Baud 

■ Full Duplex, Double Buffered, Trans- 
mitter and Receiver 

The Intel* 8251A is the enhanced version of the industry standard, Intel" 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251 A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 



m Fully Compatible with 8080/8085 CPU 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 



PIN CONFIGURATION 



WR [ 



DsC ' 8251 A 22 

D,C 8 21 




PIN NAMES 



0/ Do 


Daia Bus 18 bilsl 


C/D 


Conl'ul or Da\a is to be Written or Read 


RD 


Read Data Cammand 


WR 


Write Data or Conitol CoMmmd 


CS 


Chip Enable 


CLK 


Clock Pulse (TTLl 


RESET 


Reset 


TxC 


Transmitter Clock 


TxO 


Tfansmttter Data 


RkC 


Receiver Clock 


RxD 


Receiver Data 


RxRDY 


Receiver Ready (has character (or 8080) 


TiiRDV 


TransmilTer Ready (ready tor char from 8080) 



DSR 


Data Set Ready 


DTR 


Data Terminat Ready 


SYNDET/BD 


Sync Detect/ 




Btaak Detect 


RTS 


Request to Send Data 


CTS 


Clear to Settd Data 


TxE 


Tranimitler Empty 


Vcc 


+5 Volt Supply 


6ND 


Ground 



BLOCK DIAGRAM 



rf. / 



DATA 
BUS 
BUFFER 



RESET ___ 
CLK. _ 
C.D_ 



READ WRITE 
CONTRHL 



DSR 

DTR, 



CTS-- 
RTS,. , 



INTERNAL 
DATA BtlS 



TRANSMIT 
BUFFER 
(P SI 



TRANSMIT 
CONTROL 



RECEIVE 
BUFFER 
(S P) 



^T.ROV . 

-T«E 

_T«C 



HE Ct iVt 
CONTROL 



,.M«RDY 

FUC 
^ SYNDET 



© Intel Corporation, -t^Td - 
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FEATURES AND ENHANCEMENTS 

8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 82S1A, 

The 8251A incorporates all the key features of 
the 8251 and has the following additional features 

and enhancements: 

• 8251A has double-buffered data paths with 
separate I/O registers for control, status. 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 



• Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 

• When External Sync Detect is programmed. 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

• The 8251A Status can be read at any time 
but the status update will be inhibited during 

status read. 

• The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Baud rate frewn DC to 64K. 

• Fully compatible with Intel's new industry 
standard, the IVICS-85. 
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8251A BASI#<PIN®TJONAL DESCRIPTION 
General 

The 8251A is a Universal Synciironous/Asynchronous Re- 
ceiver/Transmitter designed specif ically for the 80/85 IVIicro- 
computer Systems. Lil<e other I/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system's software for maximum flexibility. The 
8251A can support virtually any serial data technique cur- 
rently in use including bl-sync. 

In a communication «iv!ronment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 

parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear "transparent" to the CPU. a simple 
input or output of: Itytettoriented systiM (lata. 

Data Bus Buffer' 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8251 A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of IN put or OUTput 
instructions of the CPU. Control words. Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs' fisom the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com- 
mand Word Register that store the various control formats 
for the device fi^n^l^^p^flefinition. 

RESET (Reset) 

A "high" on this input forces the 8251 A into an "Idle" 
mode. The device will remain at "Idle" until a new set of 
control words is written into the 8251A to program its 
functional definition. Minimum RESET pulse width is 
6 tcv (clock must be running). 

CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 



C/D (Control/Data) 

This input, in conjunction with the WR and RD inputs, 
informs the 8251A that the word on the Data Bus is either 
a data character, control word or status information. 
1 = CONTROL/STATUS = DATA 

CS (Chip Select) 

A "low" on this input selects tfre 8251A. No reading or 
writing will occur unless the device Is selected. When CS is 
high, the Data Bus.'in, the float state and RQ and Wl^ will 
have no effect on the chip. 




Figure 1. 8251 A Block Dlagiam Showing Data Bus 
Buffer and Read/Write Logic Functions 



C/D RD WR CS 









1 





8251 A DATA =» DATA BUS 





1 








DATA BUS - 8251 A DATA 


1 





1 





STATUS " DATA BUS 


1 


1 








DATA BUS - CONTROL 


X 


1 


1 





DATA BUS=> 3-STATE 


X 


X 


X 


1 


DATA BUS - 3-STATE 



WR (Write) 

A "low" on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 

RD (Read) 

A "low" on this input informs the 8251A that the CPU is 
reading data or status information from the 8251A. 



IModem Control 

The 8251A has a set of control inputs and outputs that 
can be used to simplify the interface to almost any 
modem. The modem control signals are general purpose 
in nature and can be used for functions other than 
modem control, if necessary. 
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DSR (Data Set Ready) 

The DSR input signal Is a general purpose, 1-bit Inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The DSR Input Is normally used to 
test nnodem conditions such as Data Set Ready. 

DTR (Data Terminal Ready) ' 

The DTR output signal is a general pu pose, 1-bit Inverting 
output port. It can be set "low" by programming the ap- 
propriate bit in the Command Instruction word. The DTR 
output signal is normally used for modem control such 
as Data Terminal Ready or Rate Select. 

RTS (Request to Send) 

The RTS output signal is a general purpose, 1-bit inverting 
output port. It can be set "low" by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
output signal is normally used for Modem control such as 
Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251 A "to transmit 
serial data If the Tx Enable bit in the Command byte is 
set to a "one." If either a Tx Enable off or CTS off eondi- 
tion occurs wfiile the Tx is in operation, the Tx will 
transmit all th^ data in the USART, written pridr to Tx 
Disable command before shutting down. 

Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of TxC, 
Th e tra nsmitter will begin transmission upon being enabled 
if CTS = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when'Tx Enable/ 
CTS off or TxEMPTY. 

Transmitter Control 

The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 

function, 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operat on. TxRDY is auto- 
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. 

Note that when using the Polled operation, the TxRDY 
status bit is not masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx .Data Input 
Register. 



TxE (Transmitter Empty) 

When the 8251 A has no characters to transmit, the TxEMP- 
TY output will go "high". It resets automatically upon re- 
ceiving a character from the CPU. TxEMPTY can be used to 
indicate the end of a transmission mode, so that the CPU 
"knows" when to "turn the line around" in the half- 
duplexed operational mode. TxEMPTY is independent of 
the Tx Enable bit in the Command instruction. 
In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as "fillers". TxEMPTY does not go low 
when the SYNC characters are being shifted out. 




■i 

.RxRDV fc 




Ftgura 2. 8251A Block Diagram Showing Modem and 
Transmitter Buffer and Control Functions 



TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate (1x) is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode in struct ion selects this factor; It can be 1, 1A16 or 
1/64 the TxC. 

For Example: 

If Ba ud Rate equals 110 Baud, 
Txg equals 110 Hz (1x) 
TxCequals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 

The falling edge of TxC shifts th^ serial data out of the 
8251 A. 
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4.U K<» luMiMi, liiwcKS Tiiif Diis or cnaracters that are 
unique to the i^mMunf^tibn technique and sends an 
"assembled" character to iM CTOJ Serial data is inp ut to 
RxD pin, and is clocked in on rising edge of RxC. 

• • • t' 

Receiver CeMMel • 

This functional block manages all receiver-related activities 
which consist of the following features: 

The RxD initialization circuit prevents the 8251A from 
mistaking an unused input line for an active low data 
line in the "break condition". Befote starting to receive 
serial characters on the RxD line, a valid "1" must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit) is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 

The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall- 
ing edge and then strobing the nominal center of the 
Start bit (RxD = low). 

The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 

The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous mode), 
and also sets the corresponding status bit. 

RxRDY (Receiver Ready) 

This output indicates that the 8251 A contains a character 
that is ready to be input to the CPU. R< RDY can be con- 
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of RxRDY 
using a Status Read operation. 

Rx Enable off both masks and holds RxRDY in the Reset 
Condition. For Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 

Failure to read the re^iwedtiCharaeter from the Rx Data 
Output Register prior to tHf iH^inbly of the next Rx Data 
character will set overrun eoMWon error and the previous 
character will be written ov«r and lost. If the Rx Data is 
being read by the CPU when #is internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. ■ '■ 

RxC (Receiver Clocic) 

The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1x) 
is equal to the actual frequency of RxC. In Asyn chron ous 
Mode, the Bau^ K«e k a fraction of the actual RxC fre- 



for Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hz (1x) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (1x) 
RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). ' 

Data is sampled into the 8251 A on the rising edge of RxC. 

NOTE: In most communications systems, the 8251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both TxC and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator) to simplify the interface. 

SYNDET (SYNC Detect)/BRKDET (Breal( Detect) ) 

This pin is used in SYNChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as an output (internal Sync mode), 
the SYNDET pin will go "high" to indicate that the 8251 A 
has located the SYNC character in the Receive mode. If the 
8251 A is programmed to use double Sync characters (bi- 
sync), then SYNDET will go "high" in the middle of the 
last bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 




Figure 3. 8251 A Block Diagram Sliowing Receiver 
Buffer and Control Functions 



L 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251 A to start assem- 
bling data characters on the rising edge of the next RxC. 
Once in SYNC , the "high" input signal can be removed, 
the period of RxC. When External SYNC Detect is pro- 
grammed, the Internal SYNC Detect Is disabled. 

BREAK DETECT (Async Mode Only) 

This output will go high Whenever an all zero word of the 
programmed length (including start bit, data bit, parity bit, 
and one stop bit) is received. Break Detect may also be read 
as a Status bit. It is reset only upon a master chip Reset or 
Rx Data returning to a "one" state. 



ADDRESS BUS 



CONTROL BUS 



I/O R I/O W RESET «2 

imi 



i i^i h i 



c/ff SS B,^Dj, ,W Wr reset CLK 



Figure 4. B251A Interface to 8080 Standard 
System Bus 

DETAILED OPERATION DESCRIPTION 



General 

The complete functional definition of the 8251A is pro- 
grammed by the system's software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 
nization. 

Once programmed, the 8251 A is readv to perform its com- 
munication functions. The TxRDY output is raised "high" 
to signal the CPU that the 8251 A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset 
automatically when the CPU writes a character into the 
8251 A. On the other hand, the 8251 A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised "high" to signal the 
CPU that the 8251 A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 



The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Com mand Instruction, 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 

Programming the 8251A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately fol- 
low a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 

2. Command Instruction 

iVIode Instruction 

This format defines the general operational characteristics 
of the 8251 A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251 A by the CPU, SYNC characters or Command In- 
structions may be inserted. 

Command Instruction 

This format defines a status word that is used to control the 
actual operation of the 8251 A. 

Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
IVlode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251 A for data com- 
munication. 

All control words written into the 8251A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251 A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructigns or Sync 
characters. 



C/D = 1 

c/b = 1 

C/D = 1 
C/D - 1 



MODE INSTRUCTION 



SYNC CHARACTER 1 



SYNC CHARACTER 2 



COMMAND INSTRUCTION 



COMMAND INSTRUCTION 



COMMAND INSTRUCTION 



SYNC MODE 
ONLY' 



' The second SYNC cherecter is iklppMl if MODE instruction 
has programmed the 8251A to sinsll flhirutar Intarnel SYNC 
Mode. Both SYNC characters are titlppid If MODE initruction 
has programmed the 8251A to ASYNO mode. 



Figure S. TypM Data Bloeic 
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Mode Instruction Definition 

The 8251A can be used for either Asynchronous or Syn- 
chronous data communication. To understand how the 
Mode Instruction defines the fun^tonal operation of the 
8251A, the designer can best vie(^%e device as two sepa- 
rate components sharing 'ttf^ iame package, one Asynchro- 
nous the other Syn(#ir4Mi0us. The format definition can be 
changed after S liliiscer ehip Reset. For explanation 
purposes th^t«ifdfeii*hiaK win be Isolated. 

NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than 8 bits, the least 
significant Data Bus bits will hold the data; unused bits are 
"don't care" when writing data to the 8251A, and will be 
"zeros" when reading the data from the 8251 A. 



Asynchronous IMede (Transmission) 

Whenever a data character Is sent by the CPU the 8251 A 
automatically adds a Start bit (low level) followed by the 
data bits (least significant bit first), and the programmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the T:<D output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 

When no data characters have been loaded into the 8251A 
the TxD output remains "high" (marking) unless a Break 
(continuously low) has been programmed. 



Asyncfironous Mode (Receive) 

The RxD line is normally hi^. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center (16X or e4X mode only). If a low is detected 
again, it is a valid STAfiT bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
pari ty b its are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel I/O buffer of the 
8251 A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors- will licA MkttttM operatiorf of the 
8251 A. 



D, Dj D5 D, Dj D, D, D„ 



EP PEN L. 



BAUD BATE FACTOR 



CHARACTER LENGTH 



BITS BITS 



PARITY ENABLE 
' 1 = ENABLE = DISABLE 

EVEN PARITY GENERATION/CHECK 
't = EVEN = OOD 

NUMBER OF STOP BITS 



(ONLY EFFECTS Tx; R» NEVER 
REQUIRES MORE THAN ONE 
STOP BIT) 



Figure 6. Mode instruction Format, Asynchronous 
Mode 



TRAiWMrrreR output 



GENERATED 
- Dk by 8251A 



tko marking 



DATA BITS 
S S 



STOP I 
BITS I 



RECEIVER INPUT 



START 
BIT 



DoDl - 

t I .. t 



PARITY 
BIT 



PROGRAMMED 
CHARACTER 
LENGTH 



TRAMSMISSION FORMAT 



CPU BYTE {&-8 BITS/CHJUll 



DATA CHARACTER 

%s 



ASSEMBLED SERIAL DATA OUTPUT (TxDI 



START 
BIT 


DATA CHARACTER 

t 


PARITY 
BIT 


STOP 
BITS 
1 f i 1 



RECEIVE FORMAT 



SERIAL DATA INPUT (RrO) 



START 
BIT 


DATA CHARACTER 
( * 


PARITY 
BIT 


STOP 
BITS 



CPU BYTE (5 8 BITS/CHAR)' 



DATA CHARACTER 



•NOTE: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 
BITS THE UNUSED BITS ARE SET TO 'ZERO '. 



Figure 7. Asynchronous Mode 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251 A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge o1 TxC. Data is shifted out at the saiTie 
rate as the TxC. 

Once transmission has starte d, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
pro\fide the 8251 A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251 A is 
empty and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure below). The TxEMPTY pin is internallv reset by a 
data character being writSsn feto the 8251 A. 

AUTOMATICALLY INSERTED BY U^Bt 



NOMINAL CENTER OF LAST BTT 

Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Da ta o n the 
RxD pin is then sampled in on the rising edge of RxC, The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251 A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HU NT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 

Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a "one", thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 



the SYNDET F/F is reset at each Status Read, regardless of 
whether internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the "known" 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 



EP PEN L, 



CHARACTER LENGTH 



. PARITY ENABLE 
{1 = ENABLE) 
(0 = DISABLE) 



- EVEN PARITY GENERATION/CHECK 
1 = EVEN 
= ODD 



■ EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
= SYNDET IS AN OUTPUT 



* SINGLE CHARACTER SYNC 

1 = SINGLE SYNC CHARACTER 
= DOUBLE SYNC CHARACTER 

NOTE; IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 



Figure 8. Mode instruetlon Fonnat 



CPU BYTES (5.8 BITS/CHARJ 



DATA CHARACTERS 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



SYNC 
CHAR1 



SYNC 
CHAR 2 



DATA CHARACTERS 



RECEIVE FORMAT 



SERIAL DATA INPUT (RxD) 



DATA CHARACTERS 



CPU BYTES (b-f 



DATA CHARACTERS 



Figure 9. Data Format, Synchronous (Mode 



1-31 



„, iiijipui,iiuii diia iiiB oync (-naracters 

are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 8251 A 
and Sync characters inserted, if necessary, then all further 
"control wjrites" (C/D = 1) will load a Command Instruc- 
tion. A Reset Operation (internal or external) will return 
the 8251 A to the Mode Instruction format 



examme the "status" of the active device to ascertain If 
errors have occurred or other conditions that require the 
processor's attention. The 8251 A has facilities that allow 
the programmer to "read" the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 

A normal "read" command Is issued by the CPU with C/D = 1 
to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY Is an exception. 

Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 



IR RTS ER SBRK RxE DTR TxEN 



TRANSMIT ENABLE 
1 = enable 
= disable 





DATA TERMINAL 




READY 




"high" A-ill rorc^ DTR 




output to zeio 



RECEIVE ENABLE 
1 = enaUe 
= doable 



SEND BREAK 

CHARACTER 

1 = forces TxD "low" 

= normal operation 



ERROR RESET 
1 = reut error flags 
PE, Oe, FE 



REQUEST TO SEND 
"high" will force RTS 
output to zero 



INTERNAL RESET 
"high" returrts 8251A to 
Mode Instruction Format 





ENTER HUNT MODE' 




1 = enable search for Sync 




Characters 


• (HAS NO Ef^FECT 


IN ASYNC MODE) 



DSR SYNDET 



PE TxEMPTY RxRDY TxRDV 



SAME DEFINITIOKs AS I 



PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251 A. 



FRAMING ERROR (Asynconly) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
tfie operation of the KS1 A. 



DATA SET READY: hnlicates 
that the DSR is at a zero level. 



Note 1 : 



Note: Error Reset must be performed whenever RxEnable aid 

Enter Hunt are programmed. 



OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251 A 
however, the previously overrun 
character is lost. 



TxRDY status bit has different meanings from the 
TxRDY output pin: The former is not conditioned 
by C TS and TxEN; the latter is conditioned by both 
CTS and TxEN. 

i.e. TxRDY status bit = DB Buffer Empty 

TxRDY pin out = DB Buffer Empty -(CTS=0)- {TxEN=1 ) 



Figure 10. Comnwnd Instniellon Format ^^^^^ status Read Format 
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APPLrCATIONS OF THE 8251A 




CRT 
TERMINAL 



ADDRESS BUS 



CONTROL BUS 





RuD 




TxD 




DSR 




dTr 


82S1A 


CTS 




RTS 




R>iC 




txC 



ASYNC 
MODEM 



BAUD 
RATE 
GENERATOR 



PHONE 
LINE 

INTER 
FACE 



TELEPHONE 
LINE 



Figure 12. Asynchronous Serial Interface to CRT 
Terminal, DC~9600 Baud 



Figure 14. Asynchronous Interface to Telephone Lines 



\ 


ADDRESS BUS 








CONTROL BUS 






\ 


DATA BUS 





) 


ADDRESS BUS 


i 






CONTROL BUS 










) DATA BUS \ 



RxD 










TxD 

8251A R^ 
fxC 
SYNOET 




SVNCHFtONOUS 

TERMINAL 
OR PERIPHERAL 
DEVICE 


n 









TxD 

lA 

RxC 
fxC 
SYNDET 

CTS 
RTS 
DSR 
DTB 



SYNC 
MODEM 



PHONE 
LINE 

INTER. 
FACE 



TELEPHWIE 
LINE 



Figure 13. Synchronous Interface to Terminal or Figure 15. Synchronous Interface to Telephone Lines 

Peripheral Device 
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ABSOLjUW MAXIfWUlUt lATINGS' 



Ambient Temperature Uftder Bias C to 70 C 

Storage Temperatura -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'COMMENT: Stresses abo\fe those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. , , 



D.C. CHARACTERISTICS; 

Ta = 0°C toTTO'tJ; Veer *S9|; GND = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-C . 






V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


loH =-400/iA 


•OFL 


Output Float Leakage 




+10 


HA 


VouT = Vcc TO 0.45V 




Input Leakage 




±10 


ma 


V|N = Vcc TO 0.45V 


Ice 


Power Supply 4^urrent 




100 


mA 


All Outputs = High 



CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 



Symbol 




Min. 


Max. 


Unit 


T«t^nditions 


C|N 


Input CatgacitartcS' 




10 


pF 


fc= 1MHz 


C|/0 


I/O Capacitance ' 




20 


PF 


Unmeasured pins returned to GND 
























^ SPEC. 













i C<(«*CtTAN8H»lF) 



Figure 16. Test Load Circuit 



Figure 17. Typical A Output Delay vs. A 
Capacitance (p^v 



1-34 



8251 A 



A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5.0V ±5%; GND = OV 

Bus Parameters (Note 1) 
Read Cycle: 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tAR 


Address Stable Before READ (CS, C/D) 







ns 


Note 2 


tRA 


Address Hold Time for READ (CS, C/D) 







ns 


Note 2 


tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from RE:'AD 




200 


ns 


3, Cl= 150 pF 


tDF 


READ Qtta Floating 


10 


100 


ns 





Write Cycle: 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tAW 


Address Stable Before WRITE 







ns 




tWA 


Address Hold Time for WRITE 







ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Set Up Time for WRITE 


150 




ns 




twD 


Data Hold Time for WRITE 







ns 






Raieyef^ Time Between WRITES 


6 




tCY 


Note 4 



1 . AC timings measured Vqh = 2,0, Vql - 0-8, and with load circuit of Figure 1. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid t>efore 

4. This recovery time is for IVIode Initialization only. Write Data Is allowed only mrhen TxRDY = 1. 
Recovery Tima fattyvgen Writes for Asynchronous Mode is 8 tcy and for Synchronous IVIode is 16 tcY- 



Input Waveforms tor AC Tests 

2.4 



,'l 

0.45 ■ 



08 POINTS 0.8 A 
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other Timings: 



SYMBOL 


PARAIMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tCY 


Clock Period 


320 


1.35 


MS 


Notes 5, 6 




Clock High Pulse Width 


120 


tCY-90 


ns 






Clock Low Pulse Width 


90 




ns 




tR.tp 


Clock Rise and Fall Time 


5 


20 


ns 




tOTx 


TxD Delay from Falling Edge of TxC 




1 


MS 




tSRx 


Rx Data Set-Up Time to Sampling Pulse 


2 




MS 




tHRx 


Rx Data Hold Time to Sampling Pulse 


2 




MS 




fTx 


Transmitter Input Clock Frequency 

: ' 1x Baud Rate 
■ - ' 16x Baud Rate 
64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tTPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 

1 




tCY 
tCY 




tjPD 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


15 
3 




tCY 
tCY 




■fRx 


Receiver Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tRPW 


Recdlirer rnptit Clock Pulse Width 
1x Baud Rate 
t6x and 64x Baud Rate 


12 
1 




tCY 
tCY 




tRPD 


Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


15 

3 




tCY 
tCY 




tTxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


tCY 


Note 7 


tjxRDY CLEAR 


TxRDY i from Leading Edge of WR 




150 


ns 


Note 7 


tRxRDY 


RxRDY Pin Dela^/ from Center of last Bit 




24 


tcY 


Note 7 


tRxRDY CLEAR 


RxRDY 1 from Leading Edge of RD 




150 


ns 


Note 7 


t|S 


tnternal SYNDET Delay from Rising 
E«^ae of RxC 




24 


tCY 


Note 7 


tES 


External SYNDET Set-Up Time Before 

Falling Edge of RxC 




16 


tCY 


Note 7 


tTxEMPTY 


TxEMPTY Delay Tom Center of Data Bit 




20 


tCY 


Note 7 


two 


Control Delay from Rising Edge of 
WRITE (TxEn.BTR, RTS) 




8 


tCY 


Note 7 




eontrol to READ Set-Up Time (DSR, CTS) 




20 


tCY 


Note 7 



S. The TxC and RxC frequencies l»we the following limitations with respect to CLK. 
For 1x Baud Rate , ffx of f Rx ^ 1/(30 tcYl 
For 16x and 64x Baud ffifte, Tyx or fpx < 1/(4.5 tcY' 



6. Reset Pulse Width = g tgy fWiltlfnum; System Clock must be running during Reset. 

7. Status updMe can haveii maximum delay of 28 clock periods from the event affecting the status. 
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WAVEFORMS 
System Clock Input 



Transmitter Clock & Data 



™<™, WtAAA/WWWWWWAAAAAAAAAAAAAAAAAyW 



«DTX— I 



J" 



Receiver Clock & Data 



Rx DAtA 
BxC (1x MODE) 
RxC (16 MODE) 



(Rx BAUD COUNTER STARTS HERE) 
START BIT 



8 RxC PERIODS 
Hex MODE) 



~ y DATA BIT 



-16 RxC PERIODS (16x MODE) - 



\/AAAAAAAA/WWWW^AAAAAAAAAAAAAAAAAAA/V 



"V 



Write Data Cycle (CPU USART) 



tTxRDY CLEAR 



DATA IN (D.B.) 



□ONT CARE 



|-« tpW ----j tWD 

-I 1 i DONTCAtiE..' 



DATA STABLE 



Read Data Cycle (CPU <- USART) 



tRxRDY CLEAR 

tRR —J 



DATA OUT (D^.) 



DATA FLOAT 



|-^tRD 

DATA OUT ACTIVE 



-•-tOF 
\ DATA FLOAT 
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Write Control or Output Port Cycle (CPU - USART) 



Read Control or Input Port (CPU - USART) 



i!-.'- 



D91,GT5 ' 
(NOTE#^ : 



N0TE#1: Tyjj. INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE, 
NOTE#2: 1^^ INCLUDES THE EFFECT OF CIS ON THE TxENBl. CIRCUITRY. 



Transmitter Control & Flag Timing (ASYNC Mode) 




1;^ 



8251 A 




Receiver Control & Flag Timing (SYNC Mode) 




in 
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PROGRAMMABLE INTERVAL TIMER 

■ MCS— 85^" Compatible 8253-5 

■ 3 Indepeiideiit "^Blt Counters 



■ DC to 2 MHz 



Programmable Counter Modes 



■ Count Binary or BCD 

■ Single + 5V Supply 



■ 24-Pin Dual In-Line Package 



The Intel'* 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single 46V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MIHz. All modes of operation are soft- 
ware programmable. 



PIN CONFIGURATION 



BLOCK DIAGRAM 





1 




2 




3 




4 


D,i: 


5 




6 








B 


CLK OC 


9 


OUT oC 


10 


GATE oC 


1 1 


gndC 


12 



3Vcc 

H WR 

Hre 

□ cs 

□ a, 
3a„ 

HCLK 2 

Hour 2 

□ gate 2 
I] CLK 1 

Ugate 1 

□ out 1 



PIN NAMES 





DATA BUS (8 8ITI 


CLK N 


COUNTER CLOCK INPUTS 


GATt N 


COUNTER GATE INPUTS 


OUT N 


COUNTER OUTPUTS 


RD 


READ COUNTER 


WR 


WRITE COMMAND OR DATA 


CS 


CHIP SELECT 




COUNTER SELECT 


Vcc 




GND 





READ/ 
WRITE 
LOGIC 



CONTROL 

WORD 
REGISTER 



INTERNAL BUS ' 



- CLK 

- GATE 
-OUTO 



CLK 1 
GATE 1 
• OUT 1 



CLK 2 

- GATE 2 

- OUT 2 



Intel Corporation. 1978 
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FUNCTIONAL DESCRIPTION 
General 

The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel™ Micro- 
computer systems. Its function Is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under' software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and Interrupt 
the CPU when It has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

• Programmable Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 

3. Reading the count values. 

ReacVWrite Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD (Read) 

A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 



AO, A1 

These inputs are normally connected to the address bus. 
Their function is to select one Of the three counters to be 
operated on and to address the control word register for 
mode selection. 

CS (Chip Seiect) 

A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 




Figure 1. Bloeic Diagram Showing Data Bus Buffer and 
ReadfWrite Logic Functions 



CS 


RD 


WR 


Ai 


Ao 







1 











Load Counter No. 





1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation 3-State 


1 


X 


X 


X 


X 


Disable 3-State 





1 


1 


X 


X 


No-Operation 3-State 
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Control Word Register 

The Control Word Register is selected when AO, A1 are 1 1 . 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written Into; no 
read operation of its contents Is available. 

Counter #0, Counter #1, Countor #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
Input, gate and output are configured by the selection of 
MODES stored In the Control Word Register. 

The counters are fully Independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features In the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock Input. 

8253 SYSTEM INTERFACE 

The 8253 is a component of the Intel'" Microcomputer 
Systems and interfaces in the same inanner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a li.iear select method. 
Oi' it can be connected to the output oi a decoder, such as 
an Intel® 8205 for latter ^tems. 





- CLKO 

- OUT 



INTERNAL BUS ^ 



Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 









ADDRESS BUS (16) 




1 




*, 






\ 






CONTROL BUS 














I/OR 


l/OW 


\ 






DATA BUS (81 







A, A„ CS D„.D, 
8253 

COUNTER COUNTER COUNTER 

12 



_1_ 



71 r 



OUT GATE CLK OUT GATE CLK OUT GATE CLK 



I 



Figure 3. 8253 System Interlace 
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OPERATIONAL DESCRIPTION 

; General 

The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 

i Loading sequence and selection of binary or BCD 

'i^. counting. 

Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter Is 
completely Independent and additional logic is provided 
on-chip so that the usual problem; associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is Individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Coiitnil Word Format 



07 


De 


Ds 


D4 


D3 


O2 


Dl 


Do 


SCI 


SCO 


RL1 


RLO 


IV12 


Ml 


MO 


BCD 



Definition of Controi 
SC — Select Counter: 



SCI 


SCO 










Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Illegal 



RL — Read/Load: 



RL1 RLO 









Counter Latching operation (see 
READ/WR ITE Procedure Section) 


1 





Read/Load most significant byte only. 





1 


Read/Load least significant byte only. 


1 


1 


Read/Load least significant byte first, 
then most significant byte. 



M — MODE: 



M2 


M1 


MO 













Mode 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 



BCD: 






Binary Counter 1 6-bits 


1 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 



IVIODE Definition 

MODE: Interrupt on Terminal Count. The output will be 
Initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count Is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. 

Reloading a counter register during counting results In 
the following: 

(1) Load 1st byte stops the current counting. 

(2) Load 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 

The output will go high on the terminal count. If a new 
count value Is loaded while the output Is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register is reloaded betweer output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the Initial count. Thus, the gate input can be used 
to synchronize ih9 counter. 

When this mode Is set, the output will remain high until 
after the count register is loaded. The output then can 
aiso be synchronizeil by software. 

MODE 3: Square Wave Rate Generator. Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. If the count is odd, 
the output will be ir^h fer (N + ty2 counts and low for 
(N- 1)/2 counts. 

If the counter register is reloaded with a new value dur- 
ing counting, this new value will be reflected Immedi- 
ately after after Vtm jor^tpail ti^Mtipn of the current 
count. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go lol^ QWttput igltick period, then will 
go high again. 

if the count register is reloaded between output pulses 
the present period will not be affected, but the subse- 
quent period will reflect thenew value. The count will be 
Inhibited while ttie gat^ jiflffut ^ low. Reloading the 
counter register4»tll ^tart canting beginning with the 
new number. 



MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clocl< period when the terminal 
count is reached. The counter is retrlggerable. The out- 
put will not go low until the full count after the rising 
edge of any trigger. 



^^^^ Signal 
Modes 


Low 
Of Going 
Low 


Rising 


High 





Disables 
counting 




Enables 
counting 


1 




1) Initiates 
counting 

2) Resets ouipui 
after next clock 




2 


1) Disables 
counting 

2) Sets output 
immediatety 
high 


Initiates 
counting 


Enables 
counting 


3 


1) Disables 

counting 

2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


4 


Disables 
counting 




Enables 
counting 


5 




Initiates 
counting 





Flgur« 4. Gate Pin Operations Summary 



i 
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MODEO 



MODE 3 



CLOCK JTJTJXirnJTJTTJTJTJTJXriJT- 



OUTPUT (INTERRUPT) 

WRm ~ 

GATE" 
OUTPUT {INTERRUPTI 



OUTPUT = 
OUTPUT (n- SI 



CLOCK jijTjxiTruTJxnjiJTJT_rLn_ 

0(41 3 2 1 0(41 3 2 1 0141 3 2 1 
J— 



OUTPUT (n = 41 

reset" 



1 0(41 3 2 1 
I 1 



MODE 1 



MODE 4 



CLOCK jTjxriJTJTXLJlJTJTJTJTJT_n_ 



-i r 



TRIGGER 
OUTPUT 



TRIGGER^ 
OUTPUT 



4 3 2 1 

T r 



2 4 3 2 1 



CLOCK jTjxnjuTjrnjTJTJTJxrirL 



SB i n*4 I 



4 3 2 1 



LOAD n I n-« I 

GATE 
QLTPU r 



4 3 2 1 



MODE 2 



MODES 



cLocK_|xriXIXUTJTJXrUXnJTJTJTJTJT_ 



WRn 
OUTPUT 



4 3 2 1 0('11321 0(3) 2 1 



0(31 

OUTPUT (n - 31 1 r~ 



3 2 1 0(3) 2 1 0(31 2 1 



CLOCK jxiTrLJTJTJTJxriJTJTJxn_n_ 



GATE r 



4 3 2 1 



OUTPUT (n = 4) 



GATE 
OUmiTln-4) 



4 3 4 3 2 1 



Figure 5. 82S3 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 

Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer rhust write out to the 8253 a'MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control Vi/ord can be in any 
sequence ot counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Eaich counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter's count register is still sequence 
independent iii<e the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down isptirfters. Ttius, the value loaded 
Into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2'« for Binary orlO* for BCD). In MODEO 
the new count will not reMart until the load has been 
completed. It will acoept ^n^ of two bytes depending on 
how the l\^ODE corttrol words (RLO, RLI) are program-' 
med. Then proceed with tfte restart operation. 





' MODE Control Word 




Counter n 


LSB 


Count Register byte 


Counter n 


MSB 


Count Register byte 


Counter n 



Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 



Figure 6. Programming Format 









A1 


AO 


No. 1 




MODE Control Word 


1 






Counter 




Mp- 2 




MODE Control Word 


1 






Counter 1 




No. 3 




MODE Control Word 


1 






Counter 2 




No. 4 


LSB 


Count Register Byte 

Counter 1 







No. 5 


MSB 


Count Register Byte 
Counter 1 







No. 6 


LSB 


Count Register Byte 
Counter 2 


1 





Mo. 7 


MSB 


Count Register Byte 
Counter 2 


1 





No. 8 


LSB 


Count Register Byte 
Counter 








No. g 


MSB 


Count Register Byte 
Osjunter 









Note: The exclusive addresses of each counter's count register make 
the task of pfografnming the 82S?a very simple matter, and 
maximum effective use of the devue will result if this feature 
is fully utHized. 



Flgura 7. Alternate Programming Formate 
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Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that w/ill allow 
the programmer to easily read the con-ents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register Is allowed AO. 
A1-11). The only requirement with this, method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be in hibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first I/O Read contains the least significant byte (LSB). 

second I/O Read contains the most significant byte 
(MSB). 

Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 



Read Operation Chart 



A1 


AO 


RD 













Read Counter No, 





1 





Read Counter No. 1 


1 








Read Counter No. 2 


1 


1 





Illegal 



Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter "on thef ly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register Is 
available. 

MODE Register for Latching Count 



AO, A1 = 11 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


SCI 


SCO 








X 


X 


X 


X 



SCI, SCO — specify counter to be latctied. 

D5,D4 — 00 designates counter latching operation. 

X — don't care. 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. 



CLK 


3MHz 


*2 


•1,5MHz 


CLK 






8085 








8253-5 



'If an 8085 clocK output Is to drive an B253-S clock input, it must be reduced to 2 MHz or less. 



Figures. IMCS-85^ Clock Intmrfaea* 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground -0.5 V to +7 V 

Power Dissipation 1 Watt 



3^ 



'COMMENT: Stresses above those lfii^ilir^,M^solUte 
Maximum Ratings" may cause perrnan^^86gnM^^ithe 
device. This is a stress rating only and funiti6ifial W^m0 

tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximurri 
rating conditions for extended periods may affect device 
reliabilitY. 



D.C, CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V +5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltagi! 


2.2 


Vcc+.sv 


V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


VoH 


Output High Voltage 


2.4 




V 


Note 2 


l|L 


Input Load Current 




±10 


mA 


V|N = Vcc to OV 


lOFL 


Output Float Leakage 




±10 




VouT = Vcc to OV 


Ice 


Vcc Supply Current 




140 


mA 





Notel: 8253, loL = 1-6 ibA; 8253-5, loL = 2.2 mA. 
Note 2: 8253, Iqh =^156^; 8253-5, Iqh = -400 yJK. 



CAPACITANCE Ta = 25°c; Vcc = gnd = ov 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc = 1 MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vgg 
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A.C. CHARACTEll^lieS Ta 
Bus ParamBters (Note 1) 



0°C to TO'C; Vcc = 5.0V +5%; GND = OV 



SYMBOL 


PARAMETER 


82 

MIN. 


53 

MAX. 


82! 

MIN. 


53-5 

MAX. 


UNIT * 


tAR 


Address Stable Before READ 


50 




50 




ns 


<RA 


Address Hold Time for READ 


5 




5 




ns 


tRR 


READ Pulse Width 


400 




300 




ns 


tRD 


Data Delay From READ'^I 




300 




200 


ns 


tDF 


READ to Data Floating 


25 


125 


25 


100 


ns 


Write Gyele: 


SYMBOL 


PARAMETER 


82 

MIN. 


53 

MAX. 


82E 

MIN. 


53-5 

MAX. 


UNIT 




Address Stable Before WR ITE 


50 




50 




ns 


tWA 


Address Hold Time for WRITE 


30 




30 




ns 


tww 


WR ITE Pulse Width 


400 




300 




ns 


tow 


Data Set Up Time for WR ITE 


300 




250 




ns 


twD 


Data Hold Time for WR ITE 


40 




30 




ns 


tR V 


Recovery Time Between WR ITES 


1 




1 




MS 



Notes: 1. AC timings measured at Vqh = 2.2, Vol = 0.8 

2. Ten eon^eiu: Ci-= lOOpF^ 8253-S: Cl = 1 SOpF. 



Write Timing: 

Aq-i.c s 



Read Timing: 




X 



Ao-i.CS 



77777777777^ 

DATA BUS:^^^^ HIGH IMPEDANCE g 



VALID tHIGH IMPEDANCE 



Input Waveforms for A»& Tissts; 

2.4 



0.45 




TEST POINTS 
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Clock and Gate Timing: 



SYMBOL 


PARAMETER 


82 

MIN. 


S3 

MAX. 


82E 

MIN. 


i3-5 
MAX. 




tCLK 


Clock Period 


380 


dc 


380 


dc 


ns 


tpWH 


High Pulse Width 


230 




230 




ns 


tpWL 


Low Pulse Width 


150 




150 




ns 


tGW 


Gate Width High 


150 




150 




ns 


tGL 


Gate Width Low 


100 




100 




ns 


tGS 


Gate Set Up Time to CLKt 


100 




100 




ns 


tGH 


Gate Hold Time After CLKt 


50 




50 




ns 


toD 


Output Delay From CLKl'^l 




400 




400 


ns 


lODG 


Output Delay From Gateil^l 




300 




300 


ns 



Note 1 : Test Conditions; 8253: Cl = 1 OOpF; 8253-5: Cl = 1 50pF. 



«GH- 



rtH-^ *iWL ' *»-»-^ 



•■go—* 



X 



X 
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8255A/8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 



■ Compatible 8255A-5 

■ 24 Programmable I/O Pins 

■ Completely TTL Compatible 

■ Fully Compatible with Intel® Micro- 
processor Families 

■ Improved Timing Characteristics 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pln Dual In-Line Package 

■ Reduces System Pacloge Count 

■ Improved DC Driving Capability 



The Intel® 8255A Is a general purpose programmable I/O device designed for use with InteP microprocessors. It has 
24 I/O pins which may be indlvldoaily programmed in 2 groups of 12 and used In 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may t>e programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shalting and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
Hnes for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshalting. 



PIN CONFIGURATION 



82S5A BLOCK DIAGRAM 



PA3C 


1 




40 


3 PA4 




2 




39 


3 PAS 


"iC 


3 




38 


^ PA6 








37 


□ PA7 


«oC 


s 




36 


^ WR 


sc 


e 




3S 


^ fitSCT 




7 




34 


30, 


»'C 






33 


□ Oi 


«c 


3 




32 


3 0, 


PC7 [3 


ID 




31 


□ Oj 


PC6C 


11 


8255A 


30 


3°. 




12 




29 




PC4C 


13 




28 


-Jo, 


KMC 


14 




?7 


no, 


K,L 


15 




26 


□ «CC 




IS 




2S 


1 w 


rc3C 


17 




24 


D PB6 


«oC 


ia 




23 


^ PBS 




i« 




22 


[□ PB4 




30 




21 


3 PB3 



PIN NAMES 



D,-D, 


DATA BUS (81'DIRECTrONAL) 


HESET 


RESET INPUT 


cS 


CHrP SELECT 


rB 


HEAD INPUT 


wA 


WRITE INPUT 


AO. A1 


PORT ADDRESS 


PA7PA0 


PORT A (BIT! 


' PB7.PB0 


PORT B (BIT) 


PC7'K0 


PORT C (BIT) 


Vcc 


<S VOLTS 


SND 


(VOLTS 



.,. r- 



W-DiMIC'IONAl a>1A Bus 



PC,* 



© Intel Corporation. 1978 



February, 1978 
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8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A is a programmable peripheral Interface (PPI) 
device designed for use In Intel® microcomputer 
systems. Its function Is that of a general purpose I/O 
component to Interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A Is programmed by the system software 
so that normally no external logMs Is necessary to inter- 
face peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 

Read/Write and Control Logic 

The function of this blocl< is to manage all of the internal 
and external transfers of both Data End Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 

(CS) 

Chip Select. A "low" on this input pin enables the com- 
munlction between the 8255A and the CPU. 



(RD) 

Read. A "low" on this input pin enables the 8255A to 
send the data or status information to the CPU on the 
data bus. In essence, It allows the CPU to "read from" 
the8255A. 

(WR) 

Write. A "low" on this input pin enables the CPU to write 
data or control words into the 8255A. 

(Ao and Ai) 

Port Select and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ag and A^). 



8255A BASIC OPERATION 





Ao 


RD 


WR 


CS 


INPUT OPERATION (READ) 











1 





PORT A = DATA BUS 





1 





1 





PORT B = DATA BUS 


1 








1 





PORT C » DATA BUS 












OUTPUT OPERATION 
(WRITE) 








1 








DATA BUS - PORT A 





1 


1 






1 











1 


1 


1 








DATAE; ~ 












DISABLb , ^1.- 


X 


X 


X 


X 


1 


DATA BUS - 3-STATE 


1 


1 





1 





ILLEGAL CONDITION 


X 


X 


1 


1 





DATA BUS ■> 3-STATE 
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(RESET) 

Reset. A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU "out- 
puts" a control word to the 8255A. The control word con- 
tains information suctias "mode", "bit set", "bit reset", 
etc., that initializes the functional configuration of the 
8255. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to Its associated ports. 

Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-C0) 
The Control Word Register can Only be written into. No 
Read operation of thie Control Word Register is allowed. 



Ports A, B, and C 

The 8255A contains three 8-blt ports (A, B, and C). All 
can be configured In a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or "personality" to further enhance the 
power and flexibility of the 8255A. 

Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 

Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 

Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 



PIN CONFIGURATION 



•■omecnoNAL oat* ni^ 



DATA 
BOFPfA 



CBOuf >L 

cumtrol V 



heset- 



l«tT 
tMTtflMAL 
DATA BUS 



Figure 2. B22SA Block Diagram Showing Group A and 
Qroup B Control Functions 



PA3C 




W « 


□ PA4 


PA2 C 


2 


30 


□ PAS 


PA^C 




31 


npA6 


PAOC 




» 


DPA7 


r5C 


5 


X 


"3 WR 


CSC 


6 


35 


~. RESET 


GNO C 




34 


Ij Do 


AlC 




33 


□ Di 


AOC 


9 


32 




PC7 C 


10 


31 




PC6 r 




a2SSA 30 




PC5 ^ 


12 


29 




PC4 


13 


2" 




PcoC 


14 






pciC 


IS 


26 




PC2 C 


16 




□ m 




17 


z« 


□ «e 


PBOC 


18 


23 






19 


22 


n PB4 


roan 


20 


21 


□ PB3 






PIN NAMES 






DAT£ BUS (Bl DIRECTIONAL) 


RESET 


RESET INPUT 


CS 




CHtP SELECT 




RO ~ 




READ INPUT 




WR 


WRITE INPUT 


AO, Al 


PORT ADDRESS 


~PA7 PAO 


PORT A (BIT) 


PB7 PBO 


PORT 8 (BIT) 


PC7PC0 


PORT C (BIT! 


Vcc 


+5 VOLTS 


GNO 


VOLTS 
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8255A OPERATIONAL DESCRIPTION 
Mode Selection 

There are three basic modes of operation that can be select- 
ed by the system software: 

IVIode — Basic Input/Output 
IVIode 1 — Strobed Input/Output 

IVIode 2 — Bi-Directional Bus 

When the reset input goes "high" a I ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For Instance; Group B can be programmed in 
Mode to monitor simple switch closings or display compu- 
tational results. Group A could be programmed In Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 



ADDRESS BUS 



CONTROL BUS 



JJl 



MODEO - 




^8^/0 ^7^/0 ^V^/0 ^V^/O 



™7-™0 «=3-<^ fC,-K, PAj-'Ao 
M0DE1 — T B I ? 1 A T 



PBj-PBp CONTROL CONTROL PA,-PAn 
OR I/O OR I/O 



MODE: —Ji 



Wu 

PB7-PB1, I/O 



BI-DIRECTIONAL 
' PAj-PAj 



Figure 3. Basic Mode Definitions and Bus interface 



CONTROL WORD 



a, Dj D5 D„ D3 Dj D, D, 



PORT C (LOWER) 
1 ■= INPUT 
= OUTPUT 



PORTB 
1 - INPLIT 
0- OUTPUT 



MODE SELECTION 

= MODE 

1 - MODE 1 



PORT C (UPPER) 
1 - INPUT 
0- OUTPUT 



PORTA 
1 = INPUT 
= OUTPUT 



MODE SELECTION 
00 -MODEO 
01 - MODE 1 
IX - MODE 2. 



MODE SET FLAG 
1 - ACTIVE 



Figure 4. Mode Definition Format 



The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 



Single Bit Set/Reset Feature 

Any of the eight bits of Port can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 



8255Ay8255A-S 



CONTROL WORD 



D, Dj Dj Dj D, □„ 



I X X X 1 



DONT 
CARE 



E IT SET/RESET 
1 - SET 
- RESET 



!1IT SELECT 



1 2 3 4 5 6 7 



SIT SET/RESET FLAG 
0" ACTIVE 



Figure 5. Bit Set/Reset Format 



When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 

Interrupt Control Functions 

When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
Interrupt request Inputs to the CPU. The Interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to Interrupt the CPU without effecting 

any other device in the Interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) - INTE Is SET - Interrupt enable 

(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All IVlask flip-flops are automatically reset during 
mode selection and device Reset. 



Operating Modes 



MODE (Basic Input/Output). This functional configura- 
tion provides simple Input and output operations for 
each of the three ports. No "handshal^lng" is required, 
data Is simply written to or read from a specified port. 



Mode Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configurations are possible 
In this Mode. 



D,.D„ 



'.R >■ 


*RR 


L 

■* *HB ^ 




>: 




X 


Iar ► 




'ra 


>: 




X 








-< y. 


V 

«DF 



MODE (Basic Input) 





^ ty^VI, fti 


L 




H — 




« »■ 




<WA » 


>; 


X 











MODE (Basic Output) 
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MODE Podrjiiiil^' 



A 


B 


GROUP A 




GROUP B 


D4 


D3 


D1 


Do 


PORT A 


PORT C 
(UPPER) 


# 


PORT B 


PORTC 
(LOWER) 














OUTPUT 


OUTPUT 





OUTPUT 


OUTPUT 


' 








1 


OUTPUT 


OUTPUT 


1 


OUTPUT 


INPUT 








1 





OUTPUT 


OUTPUT 


2 


INPUT 


OUTPUT 








1 


1 


OUTPUT 


OUTPUT 


3 


INPUT 


INPUT 





1 








OUTPUT 


INPUT 


4 


OUTPUT 


OUTPUT 





1 





1 


OUTPUT 


INPUT 


5 


OUTPUT 


INPUT 





1 


■I 





OUTPUT 


INPUT 


6 


INPUT 


OUTPUT 





1 


•I 


1 


OUTPUT 


INPUT 


7 


INPUT 


INPUT 













INPUT 


OUTPUT 


8 


OUTPUT 


OUTPUT 










1 


INPUT 


OUTPUT 


9 


OUTPUT 


INPUT 












INPUT 


OUTPUT 


10 


INPUT 


OUTPUT 







1 


1 


INPUT 


OUTPUT 


11 


INPUT 


INPUT 




1 








INPUT 


INPUT 


12 


OUTPUT 


OUTPUT 




1 


CI 


1 


INPUT 


INPUT 


13 


OUTPUT 


INPUT 




1 


1 





INPUT 


INPUT 


14 


INPUT 


OUTPUT 




1 


1 


1 


INPUT 


INPUT 


15 


INPUT 


INPUT 



MODE Configurations 



CONTROL WORD #0 
D, D5 D, Dj D2 D, D„ 



► PA,-PA„ 




CONTROL WORD #2 
D, D, 0. 0, D, 0, D, D. 



D7D0 



PA,-PA„ 




CONTHOl WORD #1 

D, Dj D5 D, D3 D, D, D„ 



CONTROL WORD #3 

D, Dj D5 D, D3 Dj D, Do 





A 

8255A 

C- 

B 












^s— 







A 

825SA 

C- 

8 











- — 





PB,-PB„ 



ms6 



82SSA/8255A-S 



CONTROL WORD #4 

Dj Dg D5 D3 D, Do 





A 

(25SA 

C - 

B 


/' • 





: 




r ■ 





CONTROL WORD ^ 
D7 Dfi D3 D, Do 



1 1 





A 

S25SA 

C - 

B 


■ /' 


A— 


A— 










CONTROL WORD ^-'5 
D, D5 D, 



CONTROL WORD #9 
D, Dj Dj D, Dj D; D, D„ 



1 1 1 





A 

a2S5A 

C - 

B 





• — 


— 




— 







A 

82S5A 

C ~ 

B 


- — 


A-^ 


- — A— 










' PCj PCj 



CONTROL WORD ^6 

D-. D, Dg D. D, D, D- 



CONTROL WORD =10 

D7 Dg Dg D^ D, D, D, D„ 



^3 "2 ^1 ^0 



1 1 1 






A 

S2S5A 

c - 

B 


- — A— 


A— 


— A-^ 




• /' 





■ PC,-PCj 



CONTROL WORD #7 
D7 °» D« D> D, D, 



3 "1 "0 



GPNTROLWORD #11 
D, Dg D5 D, D3 D; D, Dp 



1 1 1 1 



D7D0 






A 

B2S5A 

e - 

B 





A— 


■ /" 




■ /' 





PA,4>A, 

PC3-«T) 
• PB,.PB„ 



CONTROL WORD =12 

D, D. D, D, D, D, 




PA,.PA„ 



7^-5 ► PCj.PCj 



►PBj.PBo 



CONTROL WORD =14 
D, Dj Ds D, Dj Dj D, D„ 





A 

B2S5A 

C - 

! - B 


■ /' 


' — 


— 









CONTROL WORD #13 

D, D. D. D. D, 



CONTROL WORD #1E 

D, Dj Dj 0, Dj D, D„ 



Dj-O, 





Operating Modes 



MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or from a specified port in conjunction witii strobes or 
"handshal<ing" signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these "harid- 
shal<ing" signals. 



Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 

• Each group contains one 8-bit data port and one 4-bit 
control/data port. 

• The 8-bit data port can be either input or output. 
Both inputs and ^outputs are latched. 

• The 4-bit port is used foc.control and status of the 
8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one^' and INTE is a "one". 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 



INTE A 

Controlled by bit set/reset of PC 4. 

INTEB ~ ; 

Controlled by>Wt jsef/reset of PCj. 



MODE 1 (PORT A) 



CONTROL WORD 




Figure 8. MODE 1 Input 




Figure 7. MODE 1 (Strobed InpuQ 
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Output Control Signal Deflntflon 



OBF (Output Buffer Full F/F). The OBF output will go 
"low" to indicate that the CPU has. written data out to 
the specified port. The OBF F/F will be set by the rising 
edge of the WR Input and reset by ACK Input being low. 

ACK (Acknowledge Input). A "low" on this input informs 
the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response Irom the peripheral 
device indicating that it has received the data output by 
trie CPU. I ' 



INTR (Interrupt Request). A "high" on this output can be 
used to Interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK is a "one", OBF is a "one" and INTE Is a "one". It is 
reset t>y tbe filling edge of WR. 

t 

INTE A 

Controlled by tuX sk/rmt of PCs- 
INTE B 

Contnslteel^by brrdt/reset of PC2. 



MODE 1 (PORT A) 



CONTROL WORD 
D, Dg Dj D, Dj Dj D, D, 



10 10 1/0 



«=«,! 



WPUT 
WJTTOT 



CONTROL WORD 
°; °t gj °« °3 °2 °1 °0 




Figure 8. MODE 1 Output 




Figure 9. Mode 1 C»rataMX}utput) 



\ 
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Combinations of MQOE 1 . . 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. | 



CONTROL WORD 

°7 °6 °5 "4 °3 °2 °1 °0 



10 11 1/0 1 



El 




l-lMX Ar- (STROBED INPUT) 
PdM B - tSTAOBED OUTnJD 




PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 



Figure 10. Combinations of MODE 1 



Operating Modes 



Output Operations 



MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for oonnmunlcatlng with 
a peripheral device or structure on :i single 8-blt bus for 
both transmitting and receiving data (biciirectional bus 
I/O). "Handshaking" signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/cilsable functions are 
also available. 



OBF (Output Buffer Ful). The OBF output will go "low" 
to Indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be In the high Im- 
pedance state. 



MODE 2 Basic Functional Definitions: 

• Used in Group A only . 

• One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

• Both Inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control 
and status for the 8-blt, bi-directional bus port (Port 
A). 

Bidirectional Bus I/O Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to Interrupt the CPU for both Input or output opera- 
tions. 



INTE 1 (The INTE Flip-Flop Associated with OBF). Con- 
trolled by bit set/reset of PCe. 

Input Operations 

STB (Strobe Input) 

■f' - 1 

STB (Strobe Input). A "low" on this Input loads data Into 
the Input latch. 

IBF (Input Buffer Full F/F). A "high" on this output In- 
dicates ttiat data has bemx loaded into the input latch. 



INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PC4. 
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CONTROL WORD 




Figure 11. MODE Control Word Figure 12. IMOOE 2 




KMHIEIIAL TO 82SSA a255A TO PERIPHf RAL / 

DATAFHOM 

aMSAToaow 



Fisuw 13. m^^im^^m/^ 

NOTE: Any sequence where WR occurs beforii ACK and STB occurs before RD is permissible. 
(INTR = IBF • MASK • STB • RD +OBF • MASK • ACK • WR ) 
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MODE 2 AND MOOE (INRUT) 



CONTROL WORD 

P7 °« P5 Pa °3 °2 °i Pq 

I '1^ 1X1X1X1 "FR 

pc,„ - J 




MODE 2 AND MODE (OUTPUT) 



CONTROL WORD 
°J °6 °B °t °3 °1 "l Op 

M'lXMXj'I'in^ 




MODE 2 AND MODE 1 (OUTPUT) 



MODE 2 AND MODE 1 (INPUT) 



■■■■J'*' ",'0': 



CONTROL WORD 

D, D5 Dj D3 D, D„ 

I'l'MXM'l-IXl 




COHTROLWORD 

D, De D3 D; D, D„ 

i'l^MXM-hM 



RD « 




» INTRj 



Figura14. MODE 2 CambinaticHM 
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Mode Definition Summaiy 





MODE 




IN 


OUT 


PAo 


IN 


OUT 


PA, 


IN 


OUT 


PA2 


IN 


OUT 


PA3 


IN 


OUT 


PA4 


IN 


OUT 


PA5 


IN 


OUT 


PAe 


IN 


OUT 


PA7 


IN 


OUT 


PBo 


IN 


OUT 


PB, 


IN 


OUT 


PB2 


IN 


OUT 


PB3 


IN 


OUT 


PB4 


IN 


OUT 


PB5 


IN 


OUT 


PB6 


IN 


OUT 


PB? 


IN 


OUT 


PCo 


IN 


OUT 


PC, 


IN 


OUT 


PC2 


IN 


OUT 


PC3 


IN 


OUT 


PC4 


IN 


OUT 


PC5 


IN 


OUT 


PC6 


IN 


OUT 


PC7 


IN 


OUT 



MODE 1 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


INTRg 


INTRb 


IBFb 


OBFb 


stbb 


ACKb 


INTRA 


INTRA 


STBa 


I/O 


IBFa 


I/O 


I/O 


ACKa 


I/O 


OBFa 



MODE 2 



GROUP A ONLY 



-* »■ 



I/O 

I/O 

I/O 
INTRA 
STBa 
IBFa 
ACKa 
OBFa 



MODEO 
- OR MODE 1 
ONLY 



Special Mode Combination Considerations 

There are several combinations of modes when not ail of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs — 

All input lines can be accessed during a normal Port C 
read. 

If Programmed as Outputs — 

Bits in C upper (PC7-PC4) must be individually accessed 
using the bit set/reset function. 

Bits in C lower (PCj-PCg} c^ be accessed using the bit 
set/reset function or acceisei} as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays tM(l^riquire such source current. 

Reading Port C Status 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to 1u notion in Modes 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 



allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
»(ecuted to perform this function. 



INPUT CONFIGURATION 



I/O 


I/O 


IBF, 




INTRj 


INTE5 


IBFj 


INTRj 






GROUP A 




GROUP 


3 






OUTPUT CONFIGURATION 
Dj D, Dj D, 


°, 




OBF. 


INTE„ 


I/O 


I/O 


INTR^ 


INTEj 


OBF, 


INTRg 





Figure 15. MODE 1 Status Word Format 



GROUP A GROUP B 

(DEFINED BY MODE OR MODE 1 SELECTION! 



Figure 16. MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 

The 8255A is a very powerful tool for Interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 

the need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, ano matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, a control word can easily be devel- 
oped to initialize the 8255A to exactly "fit" the applica- 
tion. Figures 17 through 23 present a few examples of 
typical KptllCAtlons of the 8255A. 



INTERRUPT 
REQUEST 



INTERRUPT 
REQUEST - 



M0DE1 
(OUTPUT) 



PC, 
PCe 
PCs 
LpC4 



M0DE1 
(OUTPUT) 



INTERRUPT 
REQUEST 



DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 



DATA READY 
ACK 



HIGH-SPEED 
PRINTER 



HAMMER 
RELAYS 



DATA READY 
ACK 

PAPER FEED 

FORWARD/REV 
RIBBON 

CARRIAGE SEN. 



CONTROL LOGIC AND DRIVERS 



Figure 17. Printw bilcsfoM 



ZL 



MODE 1 
(INPUT) 



PC, 
PC; 

I 

■Co L?=7 



INTERRUPT 
REQUEST 



J 





a 
"l 

Rj FULLY 
a DECODED 
' KEYBOARD 

«6 

SHIFT 
CONTROL 

STROBE 
ACK 




























Bo 

B, 

B BURROUGHS 

2 SELF.SCAN 
Bj DISPLAY 

B. 

Bb 

BACKSPACE 
CLEAR 

DATA READY 
ACK 

BLANKING 
CANCEL WORD 



























PC3 


PAo 




PA, 




PAj 


MODE 1 


PA, 


(INPUT) 


PA, 




PA5 




PAe 


82S5A 






PA, 




PC, 




PC5 








PC, 








PB, 
PBj 


MODE 


PB3 


(INPUT) 


PB4 




PB5 




PBe 




PB, 



FULLY 
DECODED 
KEYBOARD 



SHIFT 
CONTROL 

STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 



-a'' 
-a-' 



Figure 18. Keyboard and Display Interface 



INTERRUPT 
REQUEST 



TERMINAL 
ADDRESS 



Frgure 19. K^ftioarcl and Termtnal Address Interface 



MODE 
lOUTPUTI 



BIT 

SET/RESET 



naoDE 

(INPUT) 



12BIT 
DA 
CONVERTER 
IDAC) 



STB DATA 

OUTPUT EN 



SAMPLE EN 
STB 



LSB 

8-BlT 
AD 
CONVERTER 
(ADCI 



■ ANALOC OUTPUT 



- ANALOG INPUT 



MODE 
(OUTPUT) 



FLOPPY DISK 
CONTROLLER 
AND DRIVE 



°7 

DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 

TRACK "0" SENSOR 
SYNC READY 
INDEX 



ENGAGE HEAD 
FORWARD/REV. 
READ ENABLE 
WRITE ENABLE 

DISC SELECT 
ENABLE CRC 
TEST 
BUSYLT 



Figure 20. Digital to Analog, Analog to Digital 



Figure 22. Basic Floppy Disc Interface 



INTERRUPT 

REQUEST 



INTERRUPT 

REQUEST 



«=3 



MODE 1 
(OUTPUT)' 



MODE . 
(OUTPUT) 



CRT CONTROLLER 

• CHARACTER GEN 

• REFRESH BUFFER 

• CURSOR CONTROL 



SHIFT 
CONTROL 

DATA READY 
ACK 

BLANKED 
BLACK/WHITE 



ROW STB 
COLUMN STB 
CURSOR HA/ STB 



CURSOR/ROW/COLUMN 

ADDRESS 

H8i V 



PCs 






PA, 




PAj 




PA3 




PA, 




PA5 


MODE 1 




(INPUT) 


<'\ 




PA, 




PC, 




PC5 




P^e 


8255A 






PCo 


MODE 


PC, 


(INPUT) 




PCj 




™0 




PB, 


MODE 


PB^ 


'B3 


(OUTPUT) 


PB, 




PB5 




P^G 




PB, 







"i 




R2 
"3 


8 LEVEL 
PAPER 
TAPE 
READER 


R5 








"7 




STB 




ACK 







MACHINE TOOL 



START/STOP 

LIMIT SENSOR (H/V) 

OUT OF FLUID 



CHANGE TOOL 

LEFT/RIGHT 

UP/DOWN 

HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 
FLUID ENABLE 
EMERGENCY STOP 



Figure 21. Basic CRT OeM^lttr Interface 



Figure 23. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0''C to 70°C 

Storage Temperature — 65°C to +150 C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*COMMENT: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 1Q°C, Vcc = +5V ±5%; GND = OV 



SYMBOL 


PARAMETER 


MIN. 


WIAX. 


UNIT 


TEST CONDITIONS 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


loL = 2.5mA 


Vol(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


Iql = UmA 


Voh(DB) 


Output High Voltage (Data Bus) 


2.4 




V 


lOH = -400aiA 


Voh(per) 


Output High Voltage (Peripheral Port) 


2.4 




V 


Ioh=-200aiA 




Darlington Drive Current 


-1.0 


-4.0 


mA 


R EXT = 750n; Vext= 1 -BV 


Ice 


Power Supply Current 




120 


mA 




l|L 


Input Load Current 




±10 


fxA 


V|N = Vcc to OV 


lOFL 


Output Float Leakage 




+ 10 


/LlA 


VoLTT = Vcc to OV 



Note 1 : Available on any 8 pins from Port B and C. 



CAPACITANCE 

Ta =25°C; Vcc = GND = 0V 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 




Input Capacitance 






10 


pF 


fc= 1MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND 



750n 

-AW o Vext* 



: toopF 



*V£XT Is ^ 3t various voltages during testing to guarantee the specification. 



Figure 24. Test Load Circuit (for dB) 



8255A/8255A-5 



A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = +5V ±5%; GIMD = OV 

Bus Parameters 
Read: 



NOTE: 
The 8256A-S specific 
■iKan e are not final. Son 
■■ijiinetnc limits aresub-7 
^^KO change. 



SYMBOL 


PARAMETER 


825SA 


8255A-5 


UNIT 


MIN. 


MAX. 


Mm. 


MAX. 


tAR 


Address Stable Before R EAD 












ns 


tRA 


Addrass Stable After READ 












ns 


tRR 


REA0 Pulse Width 


300 




300 




ns 


tRD 


Data Valid From R EAD"! 




250 




200 


ns 


tDF 


Data Float After READ 


10 


150 


10 


100 


ns 


tRV 


Time Between READs and/or WR ITEs 


850 




850 




ns 


Write: - - 

1 


SYMBOL 


PARAMETER 


8255A 


8255A-5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tAW 


Address Stable Before WR ITE 












ns 


tWA 


Address ^ble After WR ITE 


20 




20 




ns 




WRITE Pulse Width 


400 




300 




ns 


tow 


Data Valid to WRITE (T.E.) 


100 




100 




ns 




Data Valid After WRITE 


30 




30 




ns 


Otiter Timings: 


SYMBOL 


PARAMETER 


8255A 


8255A-5 


UNIT 


MIN. 


MAX. 


MIN. 


IVIAX. 


tW8 


WR = 1 toOutputni 




350 




350 


ns 


t|R 


Peripheral Data Before RD 












ns 


tHR 


Peripheral Data After RD 












ns 


tAK 


ACK Pulse Width 


300 




300 




ns 


tST 


STB Pulse Width 


500 




500 


SB 


ns 


tps 


Per. Data Before T.E. of STB 










ns 


tPH 


Per. Data After T.E. of STB 


lao 




180 




ns 


tAD 


AOK^OtoOiH^l^l 




300 




300 


ns 


^KD 


ACK = 1 to Ou%)lit Float 


20 


250 


20 


250 


ns 


twOB 


WR = 1 to DBF = Olil 




650 




650 


ns 


tAOB 
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Notes: 1. Test Conditions: 8255A: Cl = 100pF;8255A-S: Cl= ISOpF. 

2. Period of Reset pulse must be »t least BOus during or after power on. 
Subsequent Rswt- puin can be SOO ns min. 



1%B 



8255A/82S5A-5 



\/^^ 

Y TEST POINTS y 

o.4B-^ A^ar::: — — niiA. 

FIsura 25. Input Waveforms for A.C. Tests 



^<|R 


■* — *RR ^ 


/. 

*HR 




>■ 




X - 


'ar 

y 




<RA 

X 




-< >: 

* tflD *■ 


V 

•of ► 



Figure 26. MODE (Basic Input) 
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Figure 27. MODE (Basle Output) 
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Figure 30. MODE 2 (Bidirectional) 



NOTE: Anv sequence where WR occurs before ACK and STB occurs before RD is permissive. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR ) 
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PROGRAMMABLE DMA CONTROLLER 



■ MGS-8S"" Compatible 8257-5 

■ 4-Channel DMA Controtrer ^ 



■ Priori^ BMA ]l(iE|liest Logic 

■ Chaniwrt[ tiihj|||riil.<agic 

■ Terminal Count and Modulo 128 

Outputs 



■ Auto Load Mode 

■ Single TTL Clock 

■ Single + 5V Supply 

■ Expandable 

■ 40-Pin Dual In-Line Package 



V 



The Intel® 8257 Is a 4-channel direct memory access (DMA) controller. It Is specifically designed to simplify tfie 
transfer of data at tilgfi speeds for tfie Intel® microcomputer systems. Its primary function Is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus In accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and Issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and output;; a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers and expansion to other 8257 devices 
for systems that require more than 4 channels of DMA controlled transfer. The 8257 represents a significant savings in 
component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high speed be- 
tween peripherals and i^Wmories. 



fItIM gOMMGUIIAtlON 











i/OBE 


1 


40 




i/owC 


2 


39 


3*. 


MEM rC 


3 


38 




MEM wC 


4 


37 


3*4 


MARKC 


5 


36 




readyC 


6 


35 


DA3 


hldaC 


7 


34 




addstbC 


8 


33 


□ A, 


AENC 


9 


8257 3, 




HRQC 


10 


31 


3Vcc 


raC 


11 


30 




clkC 


12 


29 


3Di 


resetC 


13 


28 




OACK 2 C 


14 


27 




DACK3C 


15 


26 




0R0 3C 


16 


25 


DDACK 


DRO 2C 


17 


24 


DDAC:K 1 


DRO iC 


18 


23 


3Ds 


DRO OH 


19 


22 


307 


gndC 




21 



PIN NAMES 



D7.D0 


DATA BUS 


A7A0 


ADDRESS BUS 


ITOr 


I/OREAD 


[Tow 


I/O WRITE 


MERR 


MEMORY RES5 




MEMORY mSITE 


CLK 


CLOCK INPUT 


RESET 


RESET INPUT 


READY 


READY 


HRQ 


HOLD REQUEST 
ITO e080A) 


HLOA 


HOLD ACKNOWLEDGE 
(FROM 8080AI 



AEN 


ADDRESS ENABLE 


AOSTB 


ADDRESS STROBE 


TC 


TERMINAL COUNT 


MARK 


MODULO 128 MARK 


DRQ3-DRO0 


DMA REQUEST 
INPUT 


DACK3.DACK0 


DMA ACKNOWLEDGE 
OUT 


& 


CHIP SELECT 




♦5 VOLTS 




GROUND 



BLOCK DIAGRAM 



°7-0.<X^ 




CLK - 
RESET - 



A3- 



READ/ 
WHITE 
LOGIC 



At- 
*7- 




CONTROL 
LOGIC 
AND 

MODE 

SET 
REG 



c 



c 



c 



BIT 
ADDR 
CNTR 



c 



O Intel Corporation, 1978 



February, 1978 



1-72 



I 



8257/8257-5 



FUNCTIONAL DESCRIPTION 



General 

The 8257 is a pcpjg^ammable, Direct Memory Access 
(DMA) device whlelii, when coupled with a sirvgie lnte|o> 
8212 I/O port device, prcwides a complete four-channel 
DMA controller for tise lntntel« microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of Wis CPU. Upon receiving a DMA 
transfer requsst front an enabled peripheral, the 8257: 

• Acquires control of the system bus. 

• Acknowledges that requesting peripheral which Is 
conm^Uii to (he highest priority channel. 

• Outputs fMe least significant eig ht bits of the memory 
address onto system address lines A0-A7, outputs 
the most significanteisht bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines Ae-A^5), and 

• Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location In memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., a sector of dataon a 
floppy disk) in a single "burst". When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, Informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 



Block Diagram Description 

1. DMA Channels 

The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Eacin channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel: 




Figure 1. 8257 Block Diagram Sliowing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output: 

(DRQ 0-DRQ 3) 

DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ has 
the highest priority and DRQ 3 has the iowest. A request 
can t>e generated by raising the request line and holding it 
high until DMA acknowbiGlgs. For multiple DMA cyeies 
(Burst Mode) the reqoestDh^ is held high until the DMA 
acknowledge of the last cycle arrives. 
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Wrtte DMA Cyde 
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1 
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(IHegal) 



(DACK - DACK 3) 

DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. 



2. Data Bus Buffer 

This three-state, bi-directional, eight Bit buffer interfaces 
the 8257 to the system data bus: 

(D0-D7) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
Sjnl to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 
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Figure 2. 8257 Block Diagram Sliowing Data Bus 
Buffer 
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3. Read/Write Logic , 

When the CPU is programming or reading one of the 
8257's register (i.e., when the 8257 is a "slave" device on 
the system bus), the Read/Write Logic accepts the I/O 
Read (TTOR) or I/O Write (l/OW) signal, decodes the least 
significant four address bits, (A0-A3), a nd either writes the 
conte nts of the data bus into the addressed register (if 
l/OW is true) or places the contents of the addressed 
register onto the data bus (if I/OR Is true). 

During DMA cycles {i.e., when the 8257 Is the bus 
"master"), the ReadAVrKe Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 



(A0-A3) 

Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 
which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits Of the 16-bit 
memory address generated by the 8257. 

(CS) 

Chip Seleet: An actiV6^low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS Is automatically disabled to prevent the chip ifom 
selecting itself while performing the DMA function. 



(VOR) 



I/O Read: An active-low, bi-directional three-state line. In 
the "slave" mode, it Is an ifiput which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or term inal count register to be read. In 

the "master" mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 



(l/OW) 

I/O Write: An active-low, bi-directional three-state line, in 
the "slave" mode. It is an Input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode, l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock 
Generator device. (02 TTL) 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
device) which clears all control lines and disables all 
DMA channels by clearing the mode register. 
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Figure 3. 8257 Block Diagram Showing 
Read/Write Logic Function 
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4. Control Losic 

This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 1 6-bit address that speciflas the memory location 

to be accessed. 

(A4-A7) 

Address Lines: Ttiese four address lines are ttiree-state 
outputs which constitute bits 4 through 7 of the 16-bit 
nnemory address generated by the during all DMA 

cycles. 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 82S7 with wait states 
if the sele^te«l< riemefy requires longer cycles. 

(HRQ) 

Hold Request: This output requests control of the system 
bus. In systems with only one 82S7, HRQ will normally be 
applied to the HOLD input on the CPU. 

(HLOA) 

Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 



(MEMR) 

Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 



(IMEMW) 



Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 

(AOSTB) 

Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus.lt may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DM/K address is on the 
address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 



(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-blt value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1), where n =thedMired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisabie by 128 (and the termmal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 




Figure 4. 8257 Block Diagram Showing Control Logic 
and Mode Set Register 
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S. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four dilterent 
options for the 8257: 



Enables AUTOLOAD 
EnabtosTCSrOP 



J 



'EXTGNPSQ WRITER — 



T 



Enables DMA Channel 
Enables DMA Channel 1 
EnaUai DMA Channel 2 
EnaUaiDMAC 



The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
pow/er-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
Mode Set register are explained below: 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had . 
Just beenawa*ead£»!ill have the lowest priority. 




Note that rotating priority will prevent any onA.C^aonfl 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. All DMA 
operations began with Channel initially assigned to the 
highest priority for the first DMA cycle. 

Extended Write Bit 5 

If the E XTEN DED WRITE bit is set, the duration of both the 
MEMW and l/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY responsewith the 
leading edge of the l/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the I/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 



TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. I n this case, it is generally the responsibility of 
the peripheral to cease DMA requests In order to terminate 
a DMA operation. 



If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA roquest). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 
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Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
"update" cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 whan the Auto Load bit 
is set. 
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unannel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is prograimmed. This permits 
repeat block operations to beset up v/ith the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Mote that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary io use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle afterthe 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determiflft wAenithe re-initialization process 
has been completedisis Mtttie next block parameters can 
be safaly> todieii(lnto>tOMnnel 3; 



The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 
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-TC STATUS FOR CHANNEL 
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The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded, into Channel 2. 
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Figure 5. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 

There are four pairs of "channel registers": each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
.generates the appropriate read or write control signal 
(generally I/OR or l/OW while the GPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-A15 (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (OS) inpul to the 8257. An I/O 
Write input (or Memory Write in memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies thattheaddressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (A; = 0) or the VIode Set (program 
only)/Status (read only) register (A3 = 1 ) is to be accessed. 

The least significant threeaddress bits, A0-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, A0-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and theternfiinal count 
register (Ao = 1^ wttile bits Ai and A2 specify one of the 
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Cs 


C4 


C, 


C; 


Ci 


Co 




MSB 











1 


1 


Rd 


Wr 


Ci, 


Ci; 


Cii 


c,„ 


C, 


Cs 


CH-1 DMA Address 


LSEI 








1 


























MSB 








1 





1 


Same 


IS Chi 


nnel C 












CH-1 Terminal Count 


LSEI 








1 


1 























MSB 








1 


1 


1 


















CH-2 DMA Address 


LSB 





1 











Same 


IS Chi 


nnel C 












MSB 





1 








1 












CH-2 Terminal Count 


LSE) 





1 





1 























MSB 





1 





1 


1 


















CH-3 DMA Address 


LSB 





1 


1 


























MSB 





1 


1 





1 


Same 


IS Chi 


nnel C 












CH-3 Terminal Count 


LSB 





1 


1 


1 























MSB 





1 


1 


1 


1 


















MODE SET (Program only) 




1 














AL 


TCS 


EW 


RP 


ENS 


EN2 


EN1 


END 


STATUS (Read only) 




1 























UP 


TC3 


TC2 


TCI 


TOO 



•Ao-A,?: DMA Starting Address. Co-Civ Terminal Count value (N-1), Rd and Wr: DMA Verify (00). Write (01) or Read (10) cycle selection, 
AL: Auto Load. TCS: TCSTOP.EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-EN0: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TC0: TERMINAL COUNT STATUS BITS. 



CONTROL INPUT 



CS 



l/OW 



I/OR 



A3 



Program Half of a 
Channel Register 



Read Half of a 
Channel Register 



Program Mode Set 
Register 



Read Status Register 



four channels. Because the "channel registers" are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always b eing a cc essed first. Do not allow CS to 
clock while either I/OR or l/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 
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DMA Operation 

Internal 8257 operations may proceed ttirough seven 
different states. The duration of a state is defined by tfie 
clock input. When the 8257 is not executing a DIVIA cycle, 
it is in the idle state, Si , A DMA cycle begins when one or 
more DMA Request (DRQn) lines become active. The 
8257 then enters state So, sends a Hold Request (HRQ) to 
the CPU and waits for as many So states as are necessary 
for the CPU to return a Hold Acknowledge (HLDA). For 
each So state, the DMA Request lines are again sampled 
and DMA priority Is resolved (according to the fixed or 
rotating priority sch eme). W hen HLDA is received, the 
DMA Acknowledge (DACKn) line for the highest priority 
requesting channel is activated, thus selecting that 
channel and Its peripheral for the DMA cycle. The 8257 
then proceeds to state Si. Note that the DM A Requ est 
(DRQn) Input Should remain high until either DACKn Is 
received for a single DMA cycle service, or until both the 
DACKn and TC outputs are received when transferring an 
entire data block in a "burst" mode. If the 8257 should lose 
control of the system bus (i.e., if HLDA" goes false), the 
DMA Acknowledge will be removed after the current DMA 
cycle Is completed and no more DMA cycles will occur 
until the 8257 again acquires control of the system bus. 

Each DMA cycle will consist of at least four internal 
states: Si, 82, S3, and S4. If the access time for the memory 
or I/O devices involved is not fast enough to return the 
required READY response and complete a byte transfer 
within the specified amount of time, one or more wait 
states (SW) are inserted between states S3 and S4. Recall 
that in certain cases the Extended Write option can 
eliminate the need for a wait state. Note that a READY 
response is not required during DMA verify cycles. 
Specified minimum/maximum values for READY setup 
time (tRs), write data setup time (tov/), read data access 
time (tRo) and HLDA setup time (tgs) are listed under A.C. 
CHARACTERISTICS and are illustrated In the accom- 
panying tlmin@-4|ag4^rti«(.ij 



''Alt.-iHt? !) 




1. HRQ is set if DRQ); is active. 

2. HRQ is reset if pRQrr is not active. 



Figure 6. DMA Operation State Diagram 



During DMA write cycles, the I/O Read (I/OR) output is 
gener ated at t he beginning of state S2 and the Memory 
Write (MEMW) output is generated at the beginni ng of S3 . 
During DMA read cycles, the Memory Read (MEMR) 
output Is generated at the beginning of state S2 and the I/O 
Write (l/OW) output goes true at the beginning of of state 
S3. Recall that no rem) ®r write control slgnals_ are 
generated during DMA werlly cycles. Extended WR for 
MEM ^nd l/p wil| be gener^ed ir; Sj. 
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Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
control lines to the 8257's memory control lines. 

This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programrning of the Read (bit 15) ahd 
Write (bit 14) bits In the terminal count register will have a 
different meaning: 



MEMRD » I/O RD 

KIEMWR ■ I/O WR 

mj 

I/O RD ■ » MEM RD 

l/OVm " — « MEMWR 



FIfure 7. Systmi Intarfae* for Mwnory Mappad I/O 



BIT 15 


BIT 14 




READ 


WRITE 










DMA Verity Cycle 





1 


DMA Read Cycle 


1 





DMA Write Cyde 


1 


1 


Illegal 



Figure 8. TC Register for Memory Mapped I/O Only 



1»8i 



8257/8257-5 



DS2 


CLR STB 


DIs 


DOb 




8212 1 




DO, 


MD 


DS1 



TT 



MEMR 

ioR CONTROi 
BUS 




Figure 9. DstiMciil Sysiwm Interface Schematic 
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ABSOLUTE M/yaiUilM RATINGS* 'com men 



Ambient Temperature Under Bias 0°C to 70 C 

Storage Temperature . . . , —65 C to +150 C 

Voltage on Any Pin 

With Respect to Groand -0.5V to +7V 

Power Dissipation 1 Watt 



T: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions^pbqy&^ 
those indicated in the operational sections of ^is sfl^^f,^ ' 
cation is not implied. Exposure to absolute maximtA^J^. 
rating conditions for extended periods may affect device 
reiiability. 



D.C. CHARACTERISTICS 



Ta = 0°C to 70° C, Vcc = +5V ± 5%, GND = OV 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


Volts 




V|H 


Input High Voltage 


2.0 


VCC+.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


lOL = 1.6 mA 


VOH 


OutfttS M^h Voltage 


2.4 


Vcc 


Volts 


Ioh=-150mA for AB, 
DB and AEN 
IOH~80jLiA for others 


Vhh 


HRG Output High Voltage 


3.3 


Vcc 


Volts 


loH = -SO/LiA 


Ice 


Vcc Current Drain 




120 


mA 




l|L 


Input Leakage 




±10 


ma 


V|N = Vcc to OV 




Output Leakage During Float 




+T0 


JLlA 


VOUT = Vcc to OV 



CAPACITANCE 



Ta = 25°C; Vcc= GND = 0V 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 




Input Capacitance 






10 


pF 


fc= 1MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PRIPHERAL (SLAVE) MODE 

Ta = 0°C to 70°C, Vcc = 5.0V ±5%; GND = OV (Note 1). 
8080 Bus Parameters 
Read Cycle: 



Symbol 


1 . • « (IS* 

Parameter 


82S7 
Min. Max. 


8257-5 
Min. Max. 


Unit 


\ 

Test Conditiont 


Tar 


Adr or CSi Setup to RD4 








ns 




Tra 


Adr or CSt Hold from RDt 








ns 




Trd 


Data Access from HDi 


300 


200 


ns 


(Note 2) 


Tdf 


DB-*Float Delay from RDt 


20 160 


20 100 


ns 




Trr 




250 


250 


ns 




Write Cycle: 






8257 


8257-5 






Symbol 


Parameter 


Min. Max. 


Min. Max. 


Unit 


Test Conditions 


Taw 


Adr Setup to VfRI ' 


20 


20 


ns 




TwA 


Adr Hold from WRt 








ns 




Tdw 


Data Setup to WRt 


200 


200 


ns 




TwD 


Data Hold from WRt 








ns 




Tww 


VVR Width 


200 


200 


ns 




Other Timing: ^ 1 ■ ' 






8257 


8257-5 






Symbol 


l^ra meter 


Min. Max. 


Min. Max. 


Unit 


Test Conditions 


Trstw 


Rept Pulse Width 


300 


300 


ns 




Trstd 


PoMer Supplyt (Vcc) Setup to Reset! 


500 


500 


IJS 




Tr 


Signal Rise Time 


20 


20 


ns 




Tf 


Signal Fall Time 


20 


20 


ns 




Trsts 


Reset to First lOWR ' 


2 


2 


tCY 





Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "1 
2. ^57: Cl= lOOpF, 8257-5; CL==150pF. Output "1 

8257 PeilPMEilAL MOD¥ TIMING DIAGRAMS 



■ at 2.0V, "0" at 0.8V 
' at 2.QV, "0" at CSV 



Write Timing: 



Read Timing: 



-Taw— 



ADDRESS BUS 



Reset Timing: 




ADDRESS BUS 









7//mm///m//m 







RSTS 'WW 



Input Waveform for A.C. Tests: 

a« Ajin 
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A.C. CHARACTERISTICS: DMA (MASTER) MODE Ta = o°cto 70'c,Aix: = tg^ttl^i 







8257 


8257-5 


ONiT ' 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


TcY 


Cycle Time (Period) 


0.320 


4 


320 


4 




Tfl 


Clocl< Active ([High) 


120 


■ 8TcY 


80 


.STcY 


r,s 


Tqs 


DRQt Setup toe ;(SI,S4) ' . 


120 




120 






Tqh 


DRQI Hold from HLDAt'^l 














Tdq 


HR^'jO«.4.Delay from 0t(SI,S4) 
(measured at z.uv)' ' 




160 




160 


ns 


Tdqi 


HnUT or lUelay trom t;T(bl,o4; 
(measured at 3.3V)I-^' 




250 




250 


ns 


Ths 


HLDAt or ISetupto9i(SI,S4) 


100 




100 




ns 


Tael 


AENt Delay from e;(S1)ni 




300 




300 


ns 


Taet 


AENi Delay from et(SI)t11 




200 




200 


ns 


Taea 


Adr(AB) (Active) Delay from AENt (S1)l''l 


20 




20 




ns 


TpAAB 


Adr(AB) (Active) Delay from 0t(S1)l21 




260 




250 


ns 


TaFAB 


Adr(AB)(Float) Delay from flt(SI)12J 




150 




150 


ns 


^ASM 


Adr(AB)(Stabie) Delay from 0t (81)1^1 




250 




250 


ns 


Tah 


Adr(AB) (Stable) Hold from 9t(S1)l21 


Ta cr/i ~ 50 




Ta cft/i " 50 

'AoiVI 






Tahr 


Adr(AB)(Valid) Hold from Rdt(S1,SI)l'*l 


60 




60 




ns 


Tahw 


Adr(AB)(Valid) Hold from Wrt(S1,SI)I''l 


300 




300 




ns 


TpADB 


Adr(DB)(Active) Delay from et(S1)l2l 




300 




300 


ns 


Tafdb 


Adr(DB)(Float) Delay from et(S2)l2i 


TsTT+20 


250 


TsTr+20 


170 


ns 




Adr(DB) Setup to AdrStbl(S1-S2)l*l 


100 




100 




ns 


Tahs 


Adr(DB)(Valid) Hold from AdrStb4.(S2)l''l 


50 




50 




ns 


TSTL 


AdrStbT Delay from 9 T(S1)' ' ' 




200 




200 


ns 


TsTT 


AdrStbl Delay from et(S2)ni 




140 




140 


ns 




AdrStb Width (81-52)1^1 


TcY-100 




TcY-100 




ns 


Tasc 


RdJ. or W?(Ext)4. Delay from AdrStbi(S2)l''l 


70 




70 




ns 


XpgQ 


Rdl orWr(Ext)l Delay from Adr (DB) 

(Float)(S2)l''l 


20 




20 




ns 




DACKt or iDelay from (?4-(S2,S1) and 
TC/Markt Delay from St (S3) and 
TC/MarkI Delay from 0t (S4)l^'51 




250 




250 


ns 


Tdcl 


Rdi or Wr(Ext)|. Delay from et{$2) and 
wry L/oiay iTOm u i \o*jj 




200 




200 


ns 


'dct 


no 1 ueiay Trom t7 to 1 ,oi / ana 
Wrt Delay from et(S4)l^-^l 




200 




200 


ns 


TpAC 


Rd or Wr (Active) from 9t(S1 




300 




300 


ns 


Iafc 


Rd or Wr (Float) from 9t(SI)[21 




150 




150 


ns 


Trwm 


Rd Width (S2-S1 or 81)141 


ZTcY + Tfl-BO 




2TcY + Te-50 




ns 


TwWM 


Wr Width (S3-S4)l'»l 


TcY-50 




TcY-50 




ns 


TWWME 


Wr(Ext) Width (S2-S4)['»l 


2TcY-50 




2TCY-50 




ns 


Trs 


READY Set Up Time to £i (S3, Sw) 


30 




30 




ns 


Trh 


READY Hold Time from 9t (S3, Sw) 


20 




20 




ns 



Notes: 1. Load = 1 TTL. 2. Load = 1 TTL + 50pF. 3. Load = 1 TTL + (Rl = 3.3IC), Vqh = 3.3V. 4. Tracking Specif ication. 
5- ATaK <§O im. 6. ATDCL<50nt 7. ATDCT<50ni.. 
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DMA MODE WAVEFORMS 



|- CONSECUTIVE CYCLES AND BURST MODE SEQUENCE - 

SI 1 SI I SO SI S2 I S3 S4 SI S2 | S3 | S4 



-'.II- 




ADR 0-7 (LOWER ADR) '/////////J, ^ 



DATA O-? (UPPER ADR) '/////////]^ 



Tfac 

fiiiS6/i«RD /////////// 



V 



MEM WR/I/O WR 



tC/MARK 



wmmm 



/ — \ 



I 
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S CONTROL OVERRIDE SEQUENCE — 

S1 I S2 I S3 I S4 I SI 



NOT READY SEQUENCE - 




v 



v 



WMMMM X 

T- 



ADR 8-7 
(LOWER ADRI 



DATA 0-7 
lUPPEft ADiil 



MEM RP/l/0 RD 



7" 



MEM WR/l/0 WR 



/ — \, 



HIGH IMPEDANCE 
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SYSTEM APPLICATION EXAMPLES 



ADDRESS BUS 



H 



CONTROL BUS 



21 



I7BW I75R 





DRQO 




DACK 




D!^Q 1 


8257 
. AMD 


DACK 1 




DUO 2 




□AOK 2 








DR03 




DACK 3 







DISK1 
DISK 2 
DISKS 
DISK 4 



















SYSTEM 

RAM 
MEMORY 



DMA CONTROLLER 



Figure HilM^ Disk Controller (4 Di1«m) 



21 



21 



ADDRESS BUS 



CONTROL BUS 



U il U li iX n 



AND 

mr 



8251 
USART 



TELEPHONE 
LINES 




Figure tfl< MI{B^%Matf Gmimunicatton Controller 
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8259/8259-5 * 
PROGRAMMABLE INTERRUPT CONTROijLER 



MCS-SS^*^ Compatible 8259-5 ■ Individual Request Mask Capability 

8-Level Priority Controller 

■ Single + 5V Supply (No Clocks) 

Expandable to 64 Levels 

Programmable Interrupt Modes ■ 28-Pin Dual In-Line Package 



The Intel® 8259 handles up to 8 vectored priority interrupts for the CPU. It is cascadable for up to 64 vectored priority 
Interrupts, without additiopal circuitry. It will be packaged In a 28-pln plastic DIP, uses nMOS technQlogy and requires 
a single +SV M^ly. Gircuitry is static, requiring no clock input. 

The 8259 is d«8|!gns<^'to <ininir(iize the software and real time overhead In handting muitl4eyel pwM^'MterruptSi It has 
several modes, permRttrig optimization tor a variety of system requirements. ■ '" ■ 



PIN eONFI®URA7ION 



BLOCK DIAGRAM 




PIN NAMES 



D7-D0 


DATA BUS (BI-DIRECTIONALI 


BE 


READ INPUT 


WR 


WRITE INPUT 


\ 


COMMAND SELECT ADDRESS 


cs 


CHIP SELECT 


CAS1-CAS0 


CASCADE LINES 


SP 


SLAVE PROGRAM INPUT 


INT 


INTERRUPT OUTPUT 


INTA 


INTERRUPT ACKNOWLEDGE INPUT 


IR0-IR7 


INTERRUPT REQUEST INPUTS 



DATA 
BUS 
BUFFER 



CO 



RD 


.HO 




WR 




READ/ 






WRITE 






LOGIC 









CASO ' 
CAS1 - 
CAS 2 ' 



CASCADE 
BUFFER/ 
COMPARATOR 



CONTROL LOGiC 



n 



SERVICE 
REG 
(ISRI 



o 



PRIORITY 
\- RESOLVER \_ 



INTERRUPT 
REQUEST 
REG 
(IRR) 



-IRO 
-IRl 
-IR2 
-IR3 
-IR4 
-IRS 
-IR6 
-IR7 



INTERRUPT MASK REG 
IIMRI 



INTERNAL BUS 



& Intel Corporation, 1978 



t<89 



Februaiy, 1S78 



82S9, a2S9-5 



INTRODUCTION TO THE USE OF INTER- 
RUPTS IN MICROCOMPUTER SYSTEMS 

Microcomputer system design requires that I/O devices 
such as l<eyboards, displays, sensors and other com- 
ponents receive servicing in an efficient method so that 
large amounts of the total system tasks can be assumed by 
the microcomputer with little or no effect on throughput. 

The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect "ask" each one if it 
needs servicing. It is easy to see that & large portion of the 
main program is looping through this continuence polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices, 

A more desireable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told to do 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete however the processor would resume exactly 
where it left off. i 

This method is called iRtecrupt. It is easy to see that 
system throughput would' drastically increase, and thus 
more tasks could be assttmed by the microcomputer to 
further enhance'its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incofning requests is 
of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced and issues an Interrupt to 
the CPU based on this determination. 

Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred to 
as a "service routine". The PIC, after issuing an Interrupt 
to the CPU, must somehow input information into the CPU 
that can "point" the Program Counter to the service 
routine associated with the requesting device. The PIC 
does tfiis by providing the CPU with a 3-byte CALL 
inst:ri#ei,oa. „,. . „ ' 




Figure 1. Polled Method 




Figure 2. Interrupt Method 
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FUNCTIONAL DESCRIPTION 

General 

The 8259 is a device specifically designed for use in real 
time, interrupt driven, microcomputer systems. It man- 
ages eigtit levels or requests and has biilt-in features for 
expandability to other 8259s (up to 64 levels). It is 
programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to the 
programmer so that the manner in which the requests are 
processed by the 8259 can be configured to match his 
system requirements. The priority modes can be changed 
or reconfigured dynamically at any time during the main 
program. This means that the complete interrupt structure 
can be defined as required, based on the total system 
environment. 

Interrupt Request Register (IRR) and rice 
In-Service Register (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Requsst Register (IRR) 
and the In-Service Register (ISR). The IRR is used tostore 
all the interrupt levels which are requesting service; and 
the ISR is used to store all the interrupt levels which are 
being serviced. 



DATA 
BUI 
BUfFER 



m 






flEAO/ 




WRfTC 


*» , 


LOGIC 











C AS1 
CM2 



CASCADE 
njFFER/ 
COMPA- 
RATOR 



CONTROL LOGIC 



SERVICE 
REG 
(iSRI 



W 



c 



c 



IE 



NTERHUPT 
REQUEST 
REG 
lIRR) 



-Ht2 

•—ma 



INTERRUPTIHASK REG 
(IMR) 



iNTERNAlBUS 



Priority Resolver 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 

' INT (Interrupt) 

This output goes directly to the CPU interrupt input. The 
VoH level on this line is designed to be fully compatible 
with the 8080 input level. 

INTA (Interrupt Acknowledge) 

Three INTA pulses will cause the 8259 to release a 3-byte 

CALL ihstrucWi"®»lo<|ie"0a^ BBE ^ 

Interrupt IVIask Register (IMR) 

The IMR stores the bits of the interrupt hnes to be masked. 
The IMR operates on the ISR. Masking of a higher priority 
input will not affect the interrupt request lines of lower 
priority. 



Figure 5. 8259 Block Diagram Showing Basic Interrupt 
Functions 



CASCADE 
LINES 



ADDRESS BUS (161. 



CONTROL BUS 



OW INT INTA 



DATA BUS (S) 



TV 



i ^ 



SS A. D,'D. RD WR INT IN 
CASO ^ ' " 

CASl 8259 

CAS 2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 
SP 76543210 

— — 



SLAVE L. 
PROG. 



INTERRUPT 
REQUESTS 



Figure 6. 82S9 interface to Standard System Bus 
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Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8259 to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 

Read/Write Control Logic 

The function of this blocit is to accept OUTput commands 
from the CPU. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function Diock also allows the 
status of the 8259 to be transferred onto the Data Bus. 

CS (Chip Seiect) 

A "low" on this input enables the 8259. No reading or 
writing of the chip will occur unless the device is selected. 

WR (Write) 

A "low" on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259. 

RD (Read) 

A "low" on this Input enables the 8259 to send the status of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR) ortheBCOofttie 
Interrupt level on to the Data Bus. 

Ao _ _ 

This input signal is used in conjunction with WR and RD 
signals to write coMnanfl& into the various command 
registers as well as (iMM!9 the various status registers of 
the cttip. This line can tw#ed directly to one of the address 
lines. 



Ao 


D4 


D3 


RD 


WR 


CS 


INPUT OPERATION (READ) 












1 





IRR, ISR or Interrupting Level DATA BUS (Note 1) 


1 









1 





mf{ => DATA BUS 


. . OUTPUT OPERATION (WRITE) 











1 








DATA BUS =»0CW2 








1 


1 








DATA BUS => OCWS 





1 


X 


1 








DATA BUS => ICW1 


1 


X 


X 


1 








DATA BUS => 0CW1, ICW2, ICW3 (Note 2) 


DISABLE FUNCTION 


X 


X 


X 


1 


1 





DATA BUS => 3-STATE 


X 


X 


X 


X 


X 


1 


DATA BUS =» 3-STATE 



Neti t; SrialSf jon.af IRR, @R or Intarrupting Lwd is baaed on the ooment of OCWS written before the READ operation. 
Not* £ 0i»4ht^ MqtraHear loiite queuei these eommands into proper asquence. 



Figure 4. USS Itasic OfMiatlon 



I 1^92 

L_ . 



Tnta im 




Figure 3. 8259 Block Diagram Showing Data Bus Buffer 
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SP (Slave Program) 

More than one 8259 can be used in the! system to expand 
the priority interrupt scheme up to 64 levels. In such case, 
one 8259 acts as the master, and the others act as slaves. A 
"high" on the SP pin designates the 8259.as the master, a 
"low" designates it as a slave. 

The Cascade/Buff«l!nSMiparator 

This function block.stores and compares the IDs of all 
8259 used In the system. The associated three I/O pins 
(CASO-2) are outputs when the 8259 Is used as a master 
(SP = 1), and are Inputs when the 8259 is used as a slave 
(SP = 0). As a -m&M^, the 8259 sends the ID of the 
interrupting slave devtee onto the CAS0~2 lines. The slave 
thus selected will send Its preprogrammed subroutine 
addre ssed onto the Data Bus during next two consecutive 
INTA pulses. (Steseptlon "Cascading the 8259".) 



3v Tha p PU steknowlsdges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit Is set; and ttre corr^pondlng 
IRR bit is res^. The 82S9 will also release a CALL 
Irvstruction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pina. 

5. This CALL instruction will Initiate two more INTA 
pulses to be sen t to the 8259 from the CPU group. 

6. These two INTA pulses allow the 8259 to release Its 
preprogrammed subroutine address onto the Dat a Bus. 
The lower 8-bit address is released at the first INTA 
pulse a nd the higher 8-bit addre^ is released af'the 

' second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 82S9. ISR t>it is not reset until »ie end of the 
subroutine -when an EOl (End of intdrrtipt)eoni«mand is 
issued to the 8259. 



DATA 
BUS 
BUFFER 



COftlTROL IXJCIC 




FISure 7. 8259 Block Diagram Siiowing Cascading 
Function ' 

0PERATK3^^° D^GRIPf ION 

H f r f 

General 

The powerful features of the 8259 in a microcomputer 
system are its programmaliility and its utilization of the 
CALL instruction to jump into any address in the memory 
map. The normal sequence of events tl)et the 8259 
Interacts with the CPU is as follows: 

1. One or more of the INTERRUPT REQUEST lines (IR7- 
0) are raised high, setting the corresponding IRR bit(s). 

2. The 8259 accepts these requests, resolves the 
priorities, and sends an INT to the CPU. 



Programming The 8259 

The 8259 accepts two types of command words generated 

by the CPU: 

1. Initialization Command Words (ICWs): 

Before normal operation can begin, each 8259 in the 
system must be brought to a starting point — by a 
sequence of 2 or 3 bytes timed by WR pulses. This 
sequence is described in Figure 1. 

2. Operation Command Words (OCWs): 

These are the command words which command the 
8259 to operate in various interrupt modes. These 
modes are: — 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259 at anytime after 
initialization. 



Ao ^ °6 °5 D3 Dj D, D„ 






A7 




A5 


1 





F 


S 









1 








*12 


All 


Alo 


A» 


A. 








1 


S7 




S5 


S4 


S3 


S2 


Si 





READY TO ACCEPT ReBUBBlIS f. 
IN THE FULLY NESTED MODE 



Figure 8. Initialization Sequence 
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Whenever a command is issued with A0 = Oand D4 
is interpreted as Initialization Command Word 1 (ICW1), 
and initiates the initialization sequence. During this 
sequence, the following occur automatically: 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low to high transition to generate 
an interrupt. 

b. The interrupt Mask Register is cleared. 

c. IR 7 input is assigned priority 7. 

d. Special Mask Mode Flip-flop and status Read Flip- 
flop are reset. 

The 8 requesting devices have 8 addresses equally spaced 
in memory. The addresses can be programmed at 
intervals of 4 or 8 bytes; the 8 routines thus occupying a 
page of 32 or 64 by» respectively in memory. 

The address foripat is: 



. Thus, the interrupt service routines can be located 
anywhere In the memory space. The 8 byte Interval will 
maintain compatibility with current 8080 RESTART 
instruction software, while the 4 byte Interval Is best for 
compact jump table. 

The address format inserted by the 8259 Is described in 
Table 1. 

The bits F and S are defined by ICW1 as follows: 

F: Call address interval. F = 1 , then interval =4; F = 0, 

then interval = 8. 

S: Single. S = 1 means that this Is the only 8259 in the 
system. It avoids the necesity of programming ICW3. 



iKlPINtD BY feW2 



D7 




D5 


D4 


D3 


°2 




Do 






As 


A5 


A, 


A3 


Az 


A, 


A„ 






, . A,. 














.Sf <(*»'• ■ 


V 

AUTOISIATICAULV 
INSERTED BY S2B9 








Am 


A13 




A„ 


A10 


A, 


As 


V. 



















INTERVAL = 4 I 

LOWER MEMORY ROUTINE ADDRESS 



INTERVAL = 8 







D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IR 


7 




m 


AS 


~1- 


1 


•1 ' 










A7 


A6 


1 


1 


1 











IR 


6 


A7 


A6 


A5 


1 


1 













A7 


A6 


1 


1 














IR 


5 


A7 


A6 


A5 


1 





1 










A7 


A6 


1 





1 











IR 


4 


M ' 


A6 


AS 


1 ~ 
















A7 


A«i 


1 

















IR 


3 


A7 


A6 


AS 





1 


1 










A7 


A6 





1 


1 


' 







IR 


2 


A7 


A6 


A5 





1 













A7 


A6 





1 














IR 


1 


A7 


A6 


A5 








1 










A7 


A6 








1 











IR 





A7 


A6 


AS 








Q 










A7 


A6 





















Table 1. 82S9 Address Format 
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Example of Interrupt Acknowledge Sequence 

Assume the 8259 is programmed with F = 1 (CALL address 
interval = 4), and IRS is the interrupting le vel. Th e 3 byte 
sequence released by the 8259 timed by the INTA pulses is 
as follows: 





D7 


D6 


D6 


D4 


D3 


02 


Dl 


DO 




1st INTA 


1 










1 


1 





1 


CALL 
CODE 


2nd INTA 


A7 


A6 


A5 


1 





1 








LOWER 

ROUTINE 

ADDRESS 



HIGHER 

3rd INTA A1S A14 A13 ftiS All AIO A9 A8 ROUTINE 

ADDRESS 



Initialization Command Word 3 (ICW3) 

This will load the 8-bit slave register The functions of this 
register are as follows: 

a. If the 8259 is the master, a "1" is set for each slave in 
the system. The master then will release byte 1 of the 
CALL sequence and will enable the corresponding 
slave to release bytes 2 and 3. through the cascade 
lines. 

b. If the 8259 is a slave, bits 2 - identify the slave. The 
slave compares its CASO-2 inputs (sent by the 
master) with these bits. If they are equal, bytes 2 and 

3 of the CALL sequence are released. 

If bit S is set in ICW1, there is no need to program ICW3. 



1i> I- 



CALL ADDRESS INTERVAL 
1 = INTERVAL IS 4 
= INTERVAL IS 8 



A,.5 OF LOWER 
ROUTINE ADDRESS 



UPPER ROUTINE 
ADDRESS 



ICW3 (MASTER DEVICE) 
Oi O, Dj Dj 



1 - IR INPUT HAS A SLAVE 
= IR INPUT DOES NOT HAVE 
A SLAVE 



ICW3 (SLAVE DEVICEI 
D5 D, D, D, 



J 1 



DONT 
CARE 




NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 



Figura 9. Initialization Command Word Format 
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Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the 8259, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259 operation, a selection of algorithms can command 
the 8259 to operate in various modes through the 
Operation Command Words (OCWs). These various 
modes and their associated OCWs are described below. 

Interrupt Masks 

Each Interrupt Request input can be masked individually 
by the Interrupt Masked Register (IMR) programmed 
through OCW1. 

The IMR operates on the In-Service Register. Note that if 
an interrupt is already acknowledged by the 8259 (an INTA 
pulse has occurred), then the Interrupting level, although 
masked, will inhibit the lower priorities. To enable these 
lower priority interrupts, one can do one of two things: (1) 
Write an End of Interrupt lEOI) command (OCW2) to reset 
the ISR bit or (2) Set the special mask mode using OCWS 
(as will be ex#lidtied later In the sjseclal mask mode.) 

Fully Nested Mode 

The 8259 will operate in the fully nested mode after the 
execution of the initialization sequence without any OCW 
being written. In this mode, the interrupt requests are 
ordered in priorities from Othrough 7. When an interrupt is 
acknowledged, the highest priority request is determined 
and its address vector placed on the bus. In addition, a bit 
of the Interrupt service register (IS 7-0) is set. This bit 
remains set until the CPU issues an End of Interrupt (EOl) 
command immediately before returning from the service 
routine. While the IS bit is set. all furthe r interrupts of lower 
priority are inhibited, while higher levels will be able to 
generate an interrupt (which will only be acknowledged it 
the CPU has enabled its own interrupt input through 
software). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained in the rotating priority mode. 

Rotating Priority Commands 

There are two variations of rotating priority: auto rotate 
and specific rotate. 

1. Auto Rotate — Execelting the Rotate-at-EOI (Auto) 
command, resets the' highest priority ISR bit and 
assigns that Input the lo\9rest priority. Thus, a device 
requesting an Interrupt will haye to wait, In the worst 
case, until 7 other devices are serviced at most once 
each, I.e., If the priority and "in-service" status Is: 

BEFORE ROTATE IS7 IS6 1S5 IS4 IS3 IS2 IS1 ISO 



■IS" STATUS 1 1 
LOWE^PRIORrTY HIGHEST PRIORITY 



PRIORITY STATUS 7 6 5 4 3 2 10 



AFTER ROTATE IS7 IS6 IS6 IS4 IS3 IS2 IS1 ISO 



"IS" STATUS 





1 






















LOWEST PRIORITY 


HIGHEST PRIORITY 


PRIORITY STATUS 


4 


3 


2 


1 





7 


6 


5 



In this example, the In-Service FF corresponding to 

line 4 (the highest priority FF set) was reset and line 4 
became the lowest priority, while all the other priorities 
rotated correspondingly. 

The Rotate command Is issued if| #@IIW2^ where: R = 
1, EOl = 1, SEOI = 0. 

2. S|3ecific Rotate — The programmer can change 
priorities by programming the bottom priority, and by 
doing this, to fix the highest priority: I.e., If IRS is 
programmed as the bottom priority device, the IR6 will 
have the highest one. This command can be used with 
or without resetting the selected ISR bit. 

The Rotate command is issued in OCW2 where: R = 1, 
SEOI = 1. L2, L1, LO are the BCD priority level codes of the 
bottom priority device. If EOl = 1 also, the ISR bit selected 
by L2-L0 is reset. 

Observe that this mode Is Independent of the End of 
Interrupt Command and priority changes can be 
executed during EOl command or independently from 
the EOl command- 
End of Interrupt (EOl) and SpedMl? W*dief 
Interrupt (SEOI) 

An End of Interrupt command word must be issued to the 
8259 before returning from a service routine, to reset the 
appropriate IS bit. 

There are two forms of EOl command: Specific and non- 
specific. When the 8259 is operated in modes which 
preserve the fully nested structure, it can determine which 
IS bit to reset on EOl. When a non-Specific EOl command 
is issued the 8259 will automatically reset the highest IS 
bit of those that are set, since in the nested mode, the 
highest IS level was necessarily the last level acknowl- 
edged and will necessarily be the next routine level 
returned from. 

However, when a mode Is used which may disturb the fully 
nested structure, such as in the rotating priority case, the 
8259 may no longer be able to determine the last level 
acknowledged. In this case, a specific EOl (SEOI) must be 
Issued which Includes the IS level to be reset as part of the 
command. The End of the Interrupt Is Issued whenever 
EOl = "1" in OCW2. For specific EOl, SEOI = "1", and EOl = 
1 . L2. L1 , LO is then the BCD level to be reset. As explained 
In the Rotate Mode earlier, this can also be the bottom 
priority code. Note that although the Rotate command can 
be issued during an EOl = 1, it is not necessarily tied to it. 
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OCW1 



1 M7 M6 MS 



M3 M2 M1 MO 



INTERRUPT MASK 
1 = MASK SET 
- MASK BESET 



Ao Re Dfe 



R SEOI EOl 



BCD LEVEL TO BE RESET 
OR PUT INTO LOWEST PRIORITY 



1 2 3 4 5 6 7 



10 10 10 1 



1 1 1 1 



1 1 1 1 





NON-SPECIFIC END Of INTERRUPT 
1 - RESET THE HIGHEST PRIORITY 

BIT OF ISR 
- NO ACTION 






SPECIFIC END OF INTERRUPT 
1 ' Lz. L,, Ld BITS ARE USED 
= NO ACTION 





ROTATE PRIORITY 

1 = ROTATE 

0- NOT ROTATE 



ESMM SMM 



READ IN-SERVICE REGISTER 



DON'T 
CARE 






1 





1 








1 


1 


NO ACTION 


READ 
IR REG 
ON NEXT 
RD PULSE 


READ 
IS REG 
ONNBCT 
RD PULSE 





POLLING 




A HIGH ENABLES THE NEXt RD PULSE 




TO READ THE BCD CODE OF THE HIGH- 




EST LEVEL REQUESTING INTERRUPT. 



SPECIAL MASK MODE 






1 





1 








1 


1 






RESET 


SET 


NO ACTION 


SPECIAL 


SPECIAL 






MASK 


MASK 



Figure 10. Operation Command Word Format 
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Special Mask Mode (SMM) 

This mode is usefui wfien some bit(s) are set (masl<ed) by 
tlie Interrupt Masi< Register (IIVIR) through OCW1. If, for 
some reason, we are currently in an interrupt service 
routine which is masked (this could happen when the 
subroutine intentionally mask itself off), it is still possible 
to enable the lower priority lines by setting the Special 
Mask mode. In this mode the lower priority lines are 
enabled until the SMM ts reset. The higher priorities are 
not affected. 

The special mask mode FF is set by 0CW3 where ESMIW = 
1, SMM = 1, and reset WJisre: ESSM = 1 and SMM = 0. 

Polled Mode 

In this mode, the CPU must disable its interrupt input. 
Service to device is a^teyed by programmer Initiative by a 
Poll command. 

The poll command is issoefl by setting P = "1" in OCW3 
during a WR pulse. 

The 8259 treats the riSxt" RD pulse as an interrupt 
acknowledge, sets the appropriate IS Flip-flop, if there is a 
request, and reads ttre-piriority level. 

For polling op«iratiGin, im OCW3 must be written before 
every read. - - 



The word enabled onto the data bus during RD Is: 



D7 


D6 


D6 


D4 


D3 


02 


Dl 


DO 


I 










W2 


W1 


WO 



wo — 2: BCD code of the highest priority level 
requesting service. 
I: Equal to a "1" if there is an interrupt. 

This mode is useful if there i s a ro utine common to 
several levels — so that the INTA sequence is not 
needed (and this saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 



AO 04 03 



0CW1 



M7-M0 



IMR (Interrupt Mask Register). WR will load it while status can be 
read with RD. 



0CW2 



R SEOI EOl 


















1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 



No Action. 

Non-specific End of Interrupt. 
No Action. 

Specific End of Interrupt. L2, LI, LO is the BCD level to be reset. 
No Action. 

Rotate priority at EOl. (Auto Mode) 

Rotate priority, L2, LI, LO becomes bottom priority without 

Ending of Interrupt. 
Rotate priority at EOl (Specific Mode), L2, LI, LD becomes 

bottom priority, and its corresponding IS FF is reset. 



0CW3 



ESMM SIMM 












1 


1 





1 


1 


ERIS 


RIS 











1 


1 





1 


1 



} 



Special Mask not Affected. 

Reset Special Mask. 
Set Special Mask. 



} 



No Action. 

Read IR Register Status. 
Read IS Register Status. 



Note: The CPU interrupt tnpui must be disabled during: 

1 . Initialization sequence for all the 8259 in the system. 

2. Any control command execution. 



Figure 11. SummaryiOf @|p9ration Word Programming 
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Reading 8259 Status 

The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable 
OCW3 and reading with RD. 

Interrupt Requests Register (IRR): 8-blt register which 
contains the levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
IRR whan an inteni^liiiHAtnowledged. (Not affected by 
IMR). 

In Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 

Interrupt Mask Register: 8-bit register which contajnsth^ 
interrupt request lines which are masked. 

The IRR can be read when prior to the RD pulse, an WR 
pulse is issued with OCW3, and ERIS = 1, RIS = 0. 
The ISR can be read in a similar mode, when ERIS 1, RIS 

= 1. 

There is no need to write an OCW3 before every status 
read operation as long as the status read corresponds with 
the previous one, i.e. the 8259 "remembers" whether the 
IRR or ISR has been previously selected by the OCW3. 

For reading the IMR, a WR pulse is not necessary to 
preceed the RD. The output data bus will contain the IMR 
whenever RD is active and AO = 1. 

Polling overrides status read when P = 1, ERIS = 1 in 
OCW3. 



Cascading 

The 8259 can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

A typical system is shown in Figure 12. The master con- 
trols, through the 3 line cascade bus, which one of the 
slaves will release the corresponding address. 

As shown in Figure 12, the slaves interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and later acknowledge d, the 
master releases the 8080 CALL code duri ng the first INTA 
pulse. From the trailing edge of this first INTA pulse until 
the trailing edge of the third pulse, the CAS lines will 
contain the slave address code. Thus, the corresponding 
slave is enabled to release the two- byte se rvice routine 
address during the second and third INTA pulses. 

Note that 8inc6 the CAS lines default to 000, no slave 
should be connected with IRO on the master unless ah 
other master request inputs (IR1-IR7) are connected to 
slaves. Otherwise, the slave on IRO will attempt to drive the 
data bus in conflict with a non^slave interitipt request on 
the master. 

It is obvious that each 8259 in the system must follow a 
separate initialization sequence and can be programmed 
to work in a different mode. An EOl command must be 
issued twice: once for the master and once for the 
corresponding slave. An _address decoder is required to 
activate the Chip Select (CS) input of each 8259. The slave 
program pin (SP) must be at a "low" level for a slave ( and 
then the cascade lines are inputs) and at a "high" level fora 
master (and then the cascade lines are outputs). 



ADDRESS BUS (161 



CONTROL BUS 



TV 



11 



□ATA BUS (8) 



CASO 
CAS1 

SLAVE A ^ 

CAS 2 

7 6 5 4 3 2 1 



7 6. S 4 3 2 1 



7\ 





INT 




CASO 


S2S9 
SLAVE B 


CAS1 




CAS 2 


SP 7 6 5 4 3 


2 I 



"TV 



A> i2J 

CS A„ 
CASO 

9X60 
MASTER 

CAS 2 

SiP M7 M6 MS M4 M3 M2 Ml MO 



7 6 5 4 3 2 1 



INTERRUPT REQUESTS 



Figure 12. Cascadtt^vlho 8259 



INST. 


•J.' wiy.'H^ . -i; 






r ' , 
















NO. 




AO 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


OPERATION DESCRIPTION 


1 


ICW1 A 





A7 


A6 


A5 


1 





1 


1 


D 


Byte 1 initialization, format = 4, single. 


2 


ICW1 B 





A7 






1 





1 








Byte 1 initialization, format = 4, not sing! 


3 


ICW1 C 





A7 




AS 


1 








1 





Byte 1 initialization, format = 8, single. 


4 


ICW1 D 





A7 


A6 


AS 


1 














Byte 1 initialization, format = 8, not singi 


5 


ICW2 


1 


A15 


A14 


A13 


A12 


All 


A10 


A9 


A8 


Byte 2 initialization (Address No. 2) ' 


6 


ICW3 M 


1 


S7 


S6 


S5 


S4 


S3 


S2 


SI 


SO 


Byte 3 initialization — master. 


7 


ICW3S 


1 

















S2 


81 


SO 


Byte 3 initialization — slave. 


8 


0CW1 


1 


IVI7 


M6 


M5 


M4 


M3 


IVI2 


Ml 


MO 


Load mask reg, read mask reg. 


9 


0CW2 E 











1 

















Non specific EOl. 


10 


0CW2 SE 








1 


1 








L2 


LI 


LO 


Specific EOl. L2, LI, LO code of IS FF 

to be reset. 


11 


0CW2 RE 





1 


Ci 


1 

















Rotate at EOl (Auto Mode). 

Rotate at EOl (Specific Mode). L2 LI Ll 


12 


0CW2RSE .. 


,0 


1 


1 


1 

)■ 




i ' s-' 





L2 


LI 


LO 


code of line to be reset and selected as 
bottom priority. 


13 


0CW2BS 





1 • 


1 











L2 


LI 


LO 


L2, LI , LO code of bottera priority [im. 


14 


OCW3P 
















1 


1 








Poll mode. 


15 


0CW3RIS 





— 










1 





1 


1 


Read IS register. 


16 


0CW3RR . 


■M. 


'-SVC 








« 


1 





1 





Read requests register. - 


17 


0CW3SM 




•i3if = 


1 


1 
















Set special mask mode. 


18 






jiauir 
■ : in; 


1 













a 


■ 





Notes: 

1. In the master mode SPpin= 1, in slave mode ^= 0. 
Z (— ) = do not care. 



Figim i% mSB Instruction Set 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to G^uBdi ... -0.5Vto+7V 

Power Dissipation -. 1 Watt 



•COMMENT: 

Stresses above those listed under "Absolute Maxtmam Ratings^:- 
may cause permanent damage to ttie device. This is a stress rating - ^ 
only and functional operation ot the device at these or anpW^ 
conditions above those In0eeted In the operational seetlqgs ofmis %j 
specification Is not Implied. 



D.C. CHARACTERISTICS 

(Ta = 0°C to 70°C; Vcc = 5V ±5%) 



SYMBOL 


l4ftAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-.5 


.8 


V 




VlH 


Input High Voltage 


2.0 


VCC+-5V 


V 




Vol 


Output Low Voltage 




.45 


V 


lOL = 2 mA 


VOH 


Output High Voltage 


2.4 




V 


ioH = -400juA 


Vdh-int 


Interru^ Output High Volage 


2.4 

as 




V 
V 


loH = -400 M 
lOH =-50*^ 


l|L(IRo.7) 


IntMtt tlAaicage Currerrt 




-300 




ViN = OV 


for IRo.7 




10 


HA. 


V|N = Vcc 


■iL 


Input Leakage Current 
for Other Inputs 




10 


HA 


VfN = Vcc to OV 


'OFL 


Output Float Leakage 




±10 


HA 


VouT = 0.45V to Vcc 


'cc 


ViGc Supply Current 




100 


mA 





CAPACITANCE 

Ta = 25°C; Vcc = GND = OV 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 




Input Capacitance 






10 


pF 


fc= 1 MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to y^s 
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8259/8259-5 



4% 



A.C. CHARACTERISTICS 

(Ta = 0°C to'^4M« = +SV ±5%, GNO ^OV) 
Bus ParamMtrs 



SYMBOL 


PARAMETER 


82 

MIN. 


59 

MAX. 


82E 

MIN. 


)9-5 
MAX. 


UNIT 




CS/Aq Stable Before RD or INTA 


50 




50 




ns 


Ira 


CS7Ao Stable After RD or INTA 


5 




30 




ns 




RD Pulse Width 


420 




300 




ns 




Data valid From RD/TNTAI1 1 




300 




200 


ns 




Ps|ta F IcB^ Afjpi^pp/I NTA , 


20 


200 






ns 


V 

Write: "v 


SYMBOL 


1 PARAiWETER 


82 

MIN. 


59 

MAX. 


82£ 

MIN. 


)9-5 
MAX. 


UNIT 




Aq Stable Before WR' 


50 




50 




ns 




Aq Stable After WR 


20 




30 




ns 




" Wp'PutelVidtIt 


400 




300 ' 




ns 




ValitltoWR (T.E.) 


300 




250 




ns 




Data Valid After WR 


40 




30 




ns--' 


^ . . .- ' 

" -,CIJ •' . ' 

other Timings: ~1~ 


SYMBOL 


PARAMETER 


82 

MIN. 


59 

MAX. 


826 

MIN. 


g-S " 
MAX. 


UNIT 


■tiw 


Width of Interrupt Request Pulse 


100 




100 




ns 


t|NT 


INT t After IB t 


400 




350 




ns 


t|C 


Cascade Line Stable After INTA t 


400 




400 




ns 



Note 1 : |2S9: Cii^^liOOpF. WSB^: Cj,.»».»B8pF 



Input Wmretomro for A.O. Tests 
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WAVEFORMS 

ReadTliT^|. ; 



CHIP SELECt 



ADDRESS BUS 



X 



other Timing 



m 

■IT 



*INT -•I 



r 



. . ^Wri|8 ,Tinj|ng 



ADDRESS BUS 



i)S1iR 



X 



INTA ^ 


® / 


\ © / 


\ 


® /~ 




OB \ \\ HIGH IMPEDANCE \\\^ 












\\ 
















Cm 


K- / 

'ic 1-*- 



111*" 



Note: Interrupt Request must remaift "HIGH" (at least) until leading edge of first INTA. 



Read Status/Poll IMode 



y 



0CW3 



intel 



8271 



I»II00AAMMABLE FLOPPY DISK CONTROiiEfl^^^/. 



■ IBM 3740 %iM Ssetoratf Format Com- 
patible 

■ Programmable Record Lengths 

■ Multi-Sector Capability 

■ Maintain Dual Drives with Minimum 
Software Overhead Expandable to 4 
Drives 

■ Automatic Read/Write i4ead Position- 
ing and Verification 



■ Internal CRC Generation and Checking 

■ Programmable Step Rate, Settle-Time, 
Head Load Time, Head4iiMNI^ 
Count 

■ Fully MCS-80 and MCS*85 Comp«ttt»le 

■ Single +5V Supply 

■ 40-Pin Paci(age 



The Intel'* 8271 Programmable Floppy Disk Controller (FDC) Is an LSI component designed to Interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize t>oth hardware and software 
overhead ncMnftllir associated with floppy disk controllers. 



PIN CGiiPt6UiAT!#(| 



BLOCK DIAGRAM 




PIN NAMES 



STATUS REG. 


CramtAW REG. 


R ESULT REt3. 


PARAMETER REG. 




TEST MOM 



DRQ 
INT 

m 

m ■ 





tMTA eut CBi oinECTioNALi 






CIK 

SELECT 1. D 


CLOCK INPUT ITTLI 
SELECT 1.0 

FAULTRESETfOPTlONAL OUTPUT 
CHII> RESET 

DM It ACKNOWLEDGE 
DMA nEOUEST 


DATAVtlNOOW 
tJMSEPpAIA 


DATA tVINIXM 




COUNT/OPI 

TEST 


WRITE DATA 
COUNT/OPTIONAL INPUT 


«B 

*).0 

INSVNC 

Ef 


HEAD DATA IMVIIC 


Wn ENABLE 
SEEKSTEP 
OlflECTION 
LOMltUtAO 


LOAD HEAD 



READ/ 
WRITE 

/DMA 
CONTROL 

LOGIC 



INTERNAL 
DATA BUS 



CPU INTERFACE 



CO 



DRIVE 
IIVTERFACE 
COMHOLLEH 



Vim DATA 



DATA WINDOW 



READY 
READY 1 
TRACK 
COUNT /QPt 
IWDEX _ 
WR PRO TECT 
FAULT 



SELECT 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK /STEP 
DIRECTION 
LOW CURRENT 
FAULT RESET /OPO 



DISK INTERFACE 



© Intel Corporation, 1978 April, 1978 
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IBM DISKETTE GENERAL FORMAT 
INFORMATION 

The IBM Flexible 6lstf(Wt« tiae# for data storage and 
retrievel.i6cMipmizM^'ililo.fioiM;M«tric circular paths or 
TRACKS. Theraaiw^ tiKcltS fflraither one or both sides 
(surfaces), of the di||^$^..On dojible-sided dislcettes, the 
corresponding top and lidttonn traci(S are referred to as a 
CYLINDER. Each tracit is further divided into fixed length 
sections or SECTORS. The numberof sectors pertrack — 
26,15or8 — is determined when a track is formatted and is 
dependent on the sector length — 128, 256 or 512 bytes 
respectively — specified. 

All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector ceil (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
initiate a track formatting' opert^bn. 

Track Format 

Each Diskette Surffce i#;|El(yided into 77 tracks with each 
track divided into fMieid{lgDgth.se^rs. A sector can hold a 
whole record or a pat^iofia feeofldi: If the record is shorter 
than the sectw JaagMii'ttitf unused bytes are filled with 
binary zeros'^lf)irir^£tr0<ls longer than the sector length, 
the record is written; over as mfny sectors as its length 
requires. The sector sizQ,:that provides the most efficient 



use of diskette space can be<MSUf3a0feMin^UP«)nthe 

record length required. 

Tracks are numbered from 00 (outer-most) to 76 (Inner- 
most) and are used as follows: 

TRACK 00 reserved as System Label Track 

TRACKS 01 through 74 used for data 

TRACKS 75 and 76 used as alternates. 

Each sector consist, pf an ID field (which holds a unique 
address for the sector) and a data field. 

The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an ID field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors on standard 
drives), an N-byte specifying the byte length of the sec- 
tor and two CRC (Cyclic Redundancy Check) t^ytes. 

The Gaps 9@par9ting the ifidex mark and the I D and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
driye manufacturing tolerances to ensure that data written 
a. diskette by 'Qfi^ system cari be rea4 ti^f^ther 
(cUskjStte ifi^chengeat>ili^). : . - - 
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^ — ^ — " ' 
, — — ^ ■ — Gap 






















" ID Field 

_ — A 








■ lOa^Fletf -■ '^■^ 

K ^ 
















f 










f 
















Last 
Sector 


Gap 


Gap 


Svnc 
Field 


AMI 




CRC 


Gap 


Svnc 
Field 


AM2 


128, 256. or 51 2 Bytes 


CRC 


Gap 


Sync 
Fietd 


AMI 


Field 




©/ 


© 








\® 


© 


© 


1 




© 


© 


© 








AM2: bata: Mx F&or F8 
FB - data field 
F8== control field 
(The GOnlrol field can 
begin witti a D or an F: 
O " deleted recor^d 
F " defective record 
Clock: hex 07) 



Hex 00 for 128 byte per sector format 
Hex 01 for 256 byte per sector format 
Hex 02 for 51 2 byte par sector format 



Not checked by 8271 



Hex 01 through 1 A for 1 28 byte per sector format diskette 
Hex Ot through OF for 256 byte per sector formal diskette 
Hex 01 through 08 for 512 byte per sector format diskette 



- ^tt^MlKgap. 

Post-index gap. 

6 bytes of zeroes. 

Cyclic redundancy che^. 
The check bytes ere 

generated dtjrir>g a write 
operation . They are used 
during a read operation 
to verify that data is 



HexOOforone-sideddiikettesandsideOoftwo-Aled diskettes I 
HncOlforiidelaf two^deddirfcenes | 

Wek OO through 4A (Doclmal Tthr(HJ0^.74. Tracks ?6 and 76 
are used as spare tracitCb) 



Not checked by 8271 



© 
© 



Post- ID gap. 
Post-data gap. 



AMI : identifies ID field 

Data: hex FE 

ClOGk: hex 07 



FIGURE t» tm&K, FORMAT 
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General 

The 8271 Floppy Disk Controller (FDC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-8S microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 

The 8271 FDC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controllerthat relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk virifhout dealihg with the low level 
details of disk operatioh." '' 

In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 

Hardware Description 

The 8271 is packaspd in a ^ pin DIP. The following is a 
functional descriptid^ of |}in. 

Pin 
Name 



No. t'O Description 



Pin 

No. I/O Description 



Vcc 
GND 
Clock 
Reset 



CS 



(401 
(20) 

IS) 
(1) 



(24) 



DB7-DB0 (19-12) I/O 



WR 



RD 



INT 



(10) 



(9) 



(11) 



Ai— Ao 



(22-21) I 



+jV supply 
Grpund 

A 2 of 4 MHz square wave clock 

A high signal on the reset Input 
forces the 8271 to an Idle state. 
The 8271 remains idle until a 
command is issued by the CPU. 
thedrlye interface output signals 
are forced low. 

The I/O Read and /O Write Inputs 
are enabled by the cnip select signal. 

The Data Bus lines are bidirection- 
al, three-state lines (8080 data 
bus compatible). 

The Write signal Is used to signal 
the control logic th.at a transfer of 
data from the data bus to the 8271 
Is required. 

The Read signal Is used to signal 
the control logic that a transfer of 
data from the 8271 to the data bus 
Is required. 

The interrupt signal indicates that 
titte requires service. 

These'^^ lines are CPU Inter- 
face Register select lines. 



ORG 



PACK 



(8) 



(7) 



O 



Select 1 - (6) 

Select b (2) 

Fault Reset/ (1) 
OPO 



Write Enable (35) 
Seek/Step (36) 

Direction (37) 



Load Head (38) O 



Low Current (39) O 



Ready 1 , (5) 
Ready (32) 

Fiuif (28) 



Coont/OFI (30) 



Write Protect (33) 



TRKO 



(31) 
(34) 



Index 

PLO/SS (25) 
Write Data (29) O Composite write data. 



The DMA request signal Is used to 
request a transfer of data between 
the 8271 and memory. 

The DIVIA acknowledge signal 
notifies the 8271 that a DMA 
cycle has been granted. 

These lines are used to specify the 
selected drive. 

The optional fault reset output 
line Is used to reset an error 
condition which Is latched by the 
drive. 

This signal enables the drive write 
logic. 

This multi-function line is used dur- 
ing drive seeks. 

The direction line specifies the 
seek direction. A high level on 
this pin steps the R/W head 
toward the spindle (step-in), a 
low level steps the head away 
from the spindle (step-out). 

The load head line causes the 
drive to load the Read/Write head 
against the diskette. 

This line notifies the drive that track 
43 or greater is selected. 

These \mo lines indicate that the 
specified drive is ready. 

This line Is used by the drive to 
specify a file unsafe condition. 

If the optional seek/direction/ 
count seek mode is selected, the 
count pin is pulsed to step the 
R/W head to the desired track. 

This signal specifies that the 
diskette Inserted is write pro- 
tected. 

This signal Indicates when the R/W 
head is positioned over track zero. 

The index signal gives an Indication 
of the relative position of the diskette. 

This pin is used to specify the type 
of data separator used. 



Unseparated (27) I This input is the unseparated data 
Data and clocks. 

Data Window (26) I This Is a data window established 
by a single-shot or phase-locked 
oscillator data separator, 

INSYNC (23) O This line is high when 8271 has 
attained input data synchroni- 
zation, by detecting 2 bytes of 
zeros followed by an expected 
Address Mark. It will stay high 
until the end of the ID or data 
field. •■ • 
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CPU Interface Draiertpttoii 

This interface minimizes CPU involvement by supporting 
a set of liigh level commands and both DMA and non-DMA 
type data transfers and by^ providing hierarchical status 
information regarding the resuit df command execution. 

The CPU utilizes the control interface (see the Block 
diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers w/hich are addressed by the 
CPU via the Ai, Ao, RD^and WR_signals. If an 8080 based 
system is u sed, t he R D and WR signals can be driven by 
the 8228's I/OR and l)WV sisrnals. The registers are 
defined as follows; 

Command Register 

The CPU loads an appropriate command into the 
Command Register which has the following format: 

Ai Aq D7 Dfl Ds D4^ ^3 % Pi Do 



- COMMAND OPCODE 
-SURFACEyORIVE 
(SELECT 0, 1) 



Parameter Register 

Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: ; 




■ £>«T*tV 



•DMA. 
LOGIC 



FIGURE 2. 8271 BLOCK DIAGRAM SHOWING 
CPU INTERFACE FUNCTIONS 



Status Register 

Reflects the state of the FDC. 



Ai An D7 Do D^ D3 02 D, I 



- TRACK ADDRESS 0-265 



Result Register 

The Result Register is used to supply the outcome of FDC 
command execution (such as a gooc/bad completion) to 
the CPU. The standard Result byte format is: 



Ao D7 Di, Da D, D2 Di Dq 

ioi I I 1 I i"TTm 



- 1 = NON^A DATA REQUEST 

- 1 = INTERRUPT REQUEST 

- 1 = RESULT RB3I5TER FULL 

- I = PARAMETER REGISTER FULL 

- 1 = COMMAND REGISTER FULL 

- 1 = COMMAND BUSV 



Ai Ao D7 Ds Ds D4 D3 D2 Di Do 



Hi 



• NOT USED - 

- COMPLETION CODE 

- COMPLETION TYPE 

- DELETED DATA FOUND 

- NOT USED = 00 



Test Mode 

Allows the 8271 to be reset by the program. 
INT (Interrupt Line) 

Another element of the control Interface is the Interrupt 
line (INT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until the 
result register is read. 



This byte format facilitates the use of an address table 
to look up error routines and messages. 
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DMA Operation 

The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disl< drive is high 
enough (one byte every 32 usee) to Justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 

DRO: DMA Request: 

The DMA request signal is used to request a transfer of 

data betvi^een the 8271 and memory. 

DACK: DMA Acknowledge: 

The DMA acknowledge signal notifies the 8271 thataOMA 

cycle has been granted. 

RD, WR: Read, Write 

The read and write signals are used to specify the 
direction of the data transfer. 

DMA transfers require the use of a DMA controller such as 
the lntel®8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data blocit lengths is performed by the FDC. 
To request a DMA transfer, the FDC raises DRQ. DACK 
and RD enable DMA data onto the bus (independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 /usee, the command is cancelled, a late 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 

When configured to transfer data in non-DMA mode, the 
CPU must pass data to the FDC in resDonse to the non- 
DMA data requests indicated by the status word. The data 
is passed to and from the chip by asserting the DACK and 
the RD or WR signals. 




Disk Drive Interface 

The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip- 
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1) with the addition of minimal support hardware. 

The FDC Disl< Drive Interface has the following major 

functions. 

READ FUNCTIONS 

Utilize the user supplied data window to obtain the clock 
and data patterns from the unseparated read data. 

Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 

WRITE FUNCTIONS 

Encode composite write data. 

Compute the ID and data field CRCs and appendMMto 
their respective fields. 

CONTROL FUNCTIONS 

Generate the programmed step rate, head load time, head 
settling time, head unload delay, and monitor drive 
functions. 



DATA WINDOW 



UNSEPARATED DATA 



WRITE ENABLE 



->o- 



LOW CURRENT 



WRITE PROTECT 



WRITE FAULT 



WRITE FAULT RESET/OK) 



DUAL 
FLOPPY 
DISK 



NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS 
(AT LEAST PULL UP /DOWN PAIRS), 



RGURE 3. 8271 BLOCK DIAGRAM SHOWING 
DISK INTERFACE FUNCTIONS 



RGURE 4. 8271 DISK DRIVE INTERFACE 
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Data Separafion 

The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the All^r^ Martcs. 

The window generation logic may be implemented using 
either a single-shot separator or a phase-locked oscillator. 

Single-Shot Separator 

The single-shot separator approach Is the lowest cost 
solution. i 

The FDC samples thf wat^piol DatS Window ori the leading 
edge of Unseparated Data tind determines whether the 
delay from the previous pulse was a half or full bit-ceil 
(high input = full bit-cell, low input = half bit-cell). 
PLO/SS stKiuld be tied to Ground. 



UNSEPARATED . 



DATA 



RETRIGGERABLE 

SINGLE-SHOT 
2.85fx$ WINDOW* 



DATA WINDOW 



8271 FDC 



PLO/SS 



♦FOR MINI-FLOPPY DATA WINDOW = 5.7Msec 



FIGURE S. ^IftQK^SHQV DAm SEPARATOR BLOCK DIAGRAM 



DATA 



DATA 
WINDOW 



A. 



tDS> 100ns - 



tDH>Ons - 



FIGURE 6. SINGLE-SHOT DATA WINDOW TIMING 
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I ne i-UL. samples tne value or Data window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Cloek or Data Pulse. 

PLO/SS should be tied to Vcc i+5V). 



UNSEPARATED 



DATA 





DATA WINDOW 












PLO 







8271 FDC 



PLO/SS 



+5V 



FIGURE 7. PLO DATA SEPARATOR BLOCK DIAGRAM 



DATA 
MTINDOW 



tDS> 100ns 



-toH^Ons 



FIGURE 8. QATA WINDOW TIMING 



Disk Drive Control Interface 

The disk drive control interface performs the) high level 
and programmable flexible disk drive operations. It 

custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 



Write Enable 

The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable Is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable is a logical zero, 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 



WRITE DATA 



ji_n JT__rL 



— H l--%E |--tWE-H 

WRITE ENAjtE I I 



FIGURE 9. WRITE ENABLE TIMING 
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SMk Control 

Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be implemented two ways to 
provide maximum flexlbliify In the subsystem design. One 
instance Is when the prngrsmmed step rate is not equal to 
zero. In this case, tHis uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 

Another instance is when the programmable step rate is 
equal to zero, In which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have beea pountsd on the eount input pin. 



The Direction pin Is a control level Indicating the direction 
In which the R/W head Is stepped. A logic high level on this 
line moves the head toward the spindle (step-in). A logic 
low level moves the head away from the spindle (step-out). 



OliECTION 




tpS=tDS=*SD='"'MS 
STANDARD: 1ms<ts< 255ms 
MINI-FLOPPY: 2ms < tj* 510ms 



FIGURE 10. SEEK TIMING 



DIRECTION^ 


f ^ 


< 











SEEK/STEP 



J 



*sc 



tcs 



COUNT 



_n_n 

' U-tc ». |« 1 .1 tpc 



LAST COUNT 



*DS=tSD=«CS='">P» 

tsc > 1ms 

tp(;>20MS 

tt>Tms 



FIGURE 11. SEEK/STEP/COUNT TIMING 
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Head Settling Time 

The 8271 allows the head settling time to be programmed 
from to 255ms, In Increments of 1 ms for standard 

drives or to 510ms for mini-drives. 

The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or w/riting on the diskette is possiblfs (R/W Enable). The 
R/W tiead is assumed loaded. 



j-ti . .:- ii liaifli i feiii-taiagi-;-! 



SEEK OR LAST STEP 



n 



*tsw 



mmttsfmrn. enable 



LAST step complete 



■ STANDARtJ:*0<*tsaf<2S5ms 
MI»^»FL0i>PY: 0<*tsw< 510ms 



•R/W HEAD IS ASSUMED LOADED. 



HEAD SETTLING TIMING 
Load Head 

When active, load head output pin causes the drive's 
read/write head to be loaded on the diskette. When the 
head is initially loaded, there is a programmed delay (0 to 
60ms In 4ms increments for standard drives orO to 120ms 
In 8 ms Increments for mini-drives) prior to any read or 
write operation. Provision Is also made to unload the 
head following an operation within a programmed num- 
ber of diskette revolutions. • ^• 



LOAD HEAD 



*LW ■ 



EARLIEST WRITE ENABLE 
OR INTiRNALfiAD DATA 



STANDARD: 0<t|.w<60n» 
MINI-FLOPPY: 0< ttw < 120ms 



HEAD LOAD TO READ/WRITE TIMING 
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Index 

The Index input is used to determine "Sector not found" 
status and to initiate format tracl</read ID commands and 
head unload Index and Count operations. 



1 



tpi > 0.5ms 



FIGURE 14. INDEX TINime 
TraekO 

This input pin indlcatei''Miif Vie disltette is at track 0. 
During any seeic operifticin, 1^e stepping out of the 
actuator ^asee when the track pin becomes active. 



Select 0, Select 1 

Only one drive may be selected at a time. The 
Input/Output pins that must be externally qualified with 
Select acrit^e^ 1 are: 



Unseparated Data 
Data Window 
Write Enable 
Seek/Step 

Count/Optional Input 
Load IHead 
Track 

Low Current ' 
Write Protect 
Write Fault 

Fault Resel^iOpttonal 'Output 
Index 



When a new set ot select bits is specified by a new com- 
mand or the FDC going IDLE, the following pins will be 
set to the state: 

Write Enable (35) 
Seek/Step (36) 
Direction (37) 
Load Head (38) 
Low Head Current (39) 

The select pins will be set to the state specified by the 
command or the FDC IDLE condition. 



Low Current 

This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Generally 
this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 

Write Protect 

The 8271 will not write to a disk when this input pin is 
actrae and will interrupt the CPU if a Write attempt is made. 
Operations which ohegk Write Protect are aborted if the 
Write Protect line is active. 

This signal normally originates from a sensor which 
detects the presence or absence of the Write Protect hold 
in the diskette jacket. 

#riie Fault and Write FauH RcMt 

The Write Fault input is normally latched by the drive and 
indicates any condition which could endanger data 
integrity. The 8271 interrupts the CPU anytime Write Fault 
is detected during an operation and immediately resets 
the Write Enable, Seek/Step, Direction, and Low Current 
signals. The Write Fault condition is reset through the 
Write Fault Reset output pin. 

Ready 1, 

These two pins indicate the functional status of the disk 
drives. Whenever an operation is attempted on a drive 
wtiich is not ready, an interrupt is generated. The interface 
continually monitors this input during an operation and if 
a Not Ready condition occurs, immediately terminates the 
operation. Note that the 8271 latcties the Not Ready 
condition and it can only be reset by the execution of a 
Read Drive Status command. yia :. 
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from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication with th e C PU is established by the 
activation of CS and RD or WR. The Ai, Ao mputs select 
the appropriate registers on the chip: 



Ai 


Ao 


CS RD 


OS WR 








Status Reg 


Command Reg 





1 


Result Reg 


Parameter Reg 


1 







Test Mode 


1 


1 







The FDC operation is composed 0t ttt9 following 
sequence of events. 



COMMAND PHASE 



SOaO WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 



EXECUTION PHASE THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS 



RESULT PHASE 



THE 8Z71 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
THE OUTCOME OF THE OPERATION. 



Ill iiie i-iesuu rnase, ine CPU Reads the Status Register 
which provides the following information: 



COMMAND BUSY 
COMMAND REG FULL 
PARAMETER REG FULL 



IT 



- NON-DMA MODE 

- INTERRUPT BEQ 

- RESULT IICS HIt.L 



Bit 7: Command Busy 

The command busy bit is set on writing to the command 
register. Whenever the FDC is busy processing a 
command, the command busy bit is set to a one. This bit is 
set to zero after the command is completed. 

Bit 6: Command Full 

The command full bit is set on writing to the command 
buffer and cleared when the FDC begins processing the 
command. " ~ -- - - ■ 

Bit 5: Parameter Full 

This bit indicates the state of the parameter buffer. This bit 
is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 



The Command Phase 

The software writes a command to the command register. 
As a function of the command issueo, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a co nmand may not be 
issued if the FDC status register indicates that the device 
is busy. Issuing a command while another command is in 
progress is iilegai. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer If a parameter is Issued while the 
parameter buffer is full, the previous parameter is over 
written and lost. 



The Execution Phase 

During the execution phase the operation specified 
during the command phase Is performed. During this 
phase, there is no CPU involvement if ttie system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 



The Result Phase 

During the Result Phase, the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: ; , - ■. 

1. The successful completion of an operation. 

2. An error detected during an operation. 




TX-li-'! 



^ END ^ 

END OF qOMMAIMD PHASE 

'^•';i6»',tiin3 9itiW 



FIGURE S. COMMAND PHASE SEQUENCE 
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Bit 4: Result Full 

This bit indicates the state of the result buffer. It is valid 
only after Command Busy bit is low. This bit is set when 
the FDC begins a command and is reset after the result 
byte is read by the CPU. The data in the result buffer is 
valid only after the FDC has completed a command. 
Reading the result buffer while a command Is in progress 
yields no useful information. c ■ 

Bit 3: Interrupt Request ■ ^«-» 

This bit reflects the state of the FDC I NT pin. It is set where 
FDC requests attention as a result of ihe completion of an 
operation or failure to complete an intended operation. 
This bit Is cleared by a read resuit register Interface 
command. 

Bit 2: Non-DMA Data Request 

When the FDC is utilized without a DMA controller, this bit 
Is used to Indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt Is generated (interrupt 
request bit Is set) with eath data^byte written to or read' 
from the diskette. ' ' i - .v , - ; • 

Bits 1 and O:" ---^''^:"'";' ■ ' ^ ' ^ > ■ ' 

Not used (zero returned). 

After reading the Status Register, the CPU then reads the 
Result Register for more information. 



The Resuit Register . - . it.' 
The standard result byte format im 

Dy De Ds Dt D3 D2 Di Do 



NOT USED * b ■ 

completion code 

completion type 

deleted data found 

Not used = 00 

1, 

Bits 7 and 6: ' ■ 

Not used (zero returned). 
Bit 5: ■■ " ' 

Deleted Data Found; This bit is set when deleted data is 
encountered during a transaction. 

Bits 4 and 3: Completion Type 

The completion type field provides general information 

regarding the outcome of an operation. 

The completion type field provides general Information 
regarding the outcome of an operation. 

Completion 

Type 



Event 



00 Good Completion — No Error 

01 System Error — recoverable errors; 

10 operator intervention probably required 
for recovery, 

1 1 Command/Drive Error — either a program 
error or drive hardware failure. 



Bits 2 and 1: Completion Code 

Tfie completion code field provides more detailed 
information about the completion ^pe (SHi TIM9. 

Completion Completion 



Type 


Code 


Event 


00 


00 


Good Completion/ 
Scan Not Met 


00 


01 


Scan Met Equal 


00 




Scan Met Not Equal 


00 


11 





01 


00 


Clock Error 


01 


01 


Late DMA 


01 


10 


ID CRC Error 


01 


11 


Data CRC Error 


10 


00 


Drive Not Ready 


.10 . 


01 


Write Protect 


10 


10 


Track Not Found 


10 ' ' 


. ' 11 


Write Fault 


11 


00 


Sector Not Found 


11 


01 




• 11 


■ 10 




11- 


... : 11 





It is Important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required, the user may simply branch on a 
zero result (a zero result Is a good completion). The next 
level of complexity is at the completion type Interface. The 
completion type supplies enough Information so that the 
software may distinguish between fatal and non-fatat 
errors. If a completion type 01 occtlis, ten retries should 
be . performed before the error i$ ounsideved unre- 
coverable. 

The Completion Type/Completion Code interface sup- 
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion is required. 

Bit 0: 

Not used,,(zeros returned). 
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TABLE 1. eOMPbETIQN CODE INTERPRETATION 



Definition 


Interpretation 


Successful Completion/ 
Scan Not Met 


Tlie diskette operation specified was completed without error, if scan operation 
was specified, the pattern scanned was not found on the tracic addressed. 


Scan Met Equal 


The data pattern specified with the scan command was found on the track 
addressed with the specified comparison, and the equality was met. 


Scan Met Not Equal 


Ttie data pattern specified with the scan command was found with the 
specified comparison on the track addressed, but tHu equality was not met. 


Clocic Error 


During a diskette read operation, a clock bit was missing (dropped). Note that this 
function Is disabled when reading any of the ID address marks (which contain 
missing clock pulses). If this error occurs, the operation is terminated immedi- 
ately and an Interrupt Is generated. 


Late DMA 


During either a diskette read or write operation, the data channel did not respond 
within the allotted time interval to prevent data from being overwritten or lost. This 
error immediately terminates the operation and generates an interrupt. 


ID Field CRC Error 


The CRC word (two bytes) derived from the data read in an ID field did not match 
the CRC word written in the ID field when the track was formatted. If this error 
occurs, the associated diskette operation is prevented and no data Is transferred. 


Data Field CRC Error 


During a diskette read operation, the CRC word derived from the data field read 
did not match the data field CRC word previously written. If this error occurs, the 
data read from the sector should be considered ifnmlld. 


Drive Not Ready 


The drive addressed was not ready. This indication is caused by any of the 
following conditions: 

1. Drive not powered up 

2. Diskette not loaded 

3. Non-existent drive addressed 

4. Drive went not ready during an operation 

Note that this bit Is cleared only through an FDC read drive status command. 


Write Protect 


A diskette write operation was specified on a write protected diskette. The 
intended write operation is prevented and no data is written on the diskette. 


Track 00 Not Found 


During a seek to track 00 operation, the drive failed to provide a track 00 
Indication after being stepped 255 times. 


Write Fault 


This error is dependent on the drive supported and indicates that the fault Input to 
the PDC has been activated by the drive. 


Not Found: 


Either the sector addressed could not t>e found within one complete revolution of 
the diskette (two Index marks encountered) or the track address specified did not 
match the track address contained in the ID field. Note that when the track 
address specified and the track address read do not match, the FDC automatically 
increments its track address register (stepping the drive to the next track) and 
again compares the track addresses. If the track addresses still do not match, the 
track address register is Incremented a second time and another comparison Is 
made before the sector not found bit Is set. 



1-116 



8271 



EXECUTION PHASE BASIC CHARACTERISTICS 

The following table summarizes the various commands 
with corresponding execution phase characteristics. 



,.01 Jis:- : 1 2 3. ■ 4 S ■ 6 7 8 

Deleted Write/ Seek Completion 

COMMANDS ' I Oaftr Head Ready Protect Seek Check Result Interrupt 



SCAN DATA 


SKIP 


LOAD 




X 


YES 


YES 


YES 


YES 


SCAN DATA AND 


XFER 


LOAD 


/ 


X 


YES 


YES 


YES 


YES 


DEL DATA 


















WRITE DATA 


X 


LOAD 


/ 


y 


YES 


YES 


YES 


YES 


WRITE DEL DATA 


X 


LOAD 


y 


y 


YES 


YES 


YES 


YES 






LUAU 


J 


X 


Ybo 




VCC 
TtO 


VCC 


READ DATA AND 


XFER 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


DEL DATA 


















READ ID 


X 


LOAD 


y 


X 


YES 


NO 


YES 


YES 


VERIFY DATA AND 


XFER 


LOAD 


y 


X 


YES 


YES 


YES 


YES 


DELDAtA" ' 


















FORMAT TRACK 


X 


LOAD 


y 


y 


YES 


NO 


YES 


YES 


SEEK 


X 


LOAD 


y 


X 


YES 


NO 


YES 


YES 


READ DRIVE §TATIK(, 


X 




X 


X 


NO 


NO 


NOTE 5 


NO 


SPECIFY, ,1,- 


X . 




X. 


X 


NO 


NO 


NO 


NO 


RESET 


X 


UNLOAD 


X 


X 


NO 


NO 


NO 


NO 


W SP REGISTERS 


X , 




■t-r.X-. 


X 


NO 


NO 


NO 


NO 


R SP REGISTER^ 






X 


X 


NO 


NO 


NOTE 6 


NO 



Note: 1. "x" -» D0NT CftRB t. V° 3. -• No change 4, "y" — Checli at end of operation 5. See "Read Drive Status" Command. 



6. See "Read Special Register" Command. 
TABLE 1. EXECUTION PHASE BASIC CHARACTERISTICS 

Explanation of the execution phase characteristics table. 

1. Deleted Data Processing 
If deleted data is encountered during an operation that 
is marked sl<ip in the table, the deleted data sector is 
not transferred into memory, but the sector is 
counted. For example, if the cominand and parameters 
specify a read of five sectors and one of the sectors 
was written with a deleted data mark, four sectors are 
transferred to memory. The deleted data flag is set in 
the result byte. However, if the operation is marked 
transfer, all data is transferred to memory regardless 
of the type of data mark. 

2. Head 

• ;■ ■ r..-: > 
The Head fitthMwi MBift tat>le specifies whether the 
Read/Write head wflf be loaded or not. If the table 
specifies load, the head is loaded after it is positioned 
over the track. The head loaded by a command remains 
loaded until the i^r ^ecified number of index pulses 
have occurftsi'; — ~ 

3. Ready 

The Ready column indicates if the ready line (Ready 
1, Ready 0) associated with ttie selected drive is 
checked. A not ready state is latched by the 8271 un- 
til the user |bciletil<£s'^ i^d status (k»mmand. 



4. Write Protect 

The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 

5. Seek 

Many of the 8271 commands cause a seek to the 
desired track. A current track register is maintained for 
each drive or surface. 

6. Seek Check 

Operations that perform Seek Check verify that 
selected data in the ID field is correct before the 8271 
accesses the data field. 
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DETAILED COMMAND DESCRIPTION 

Many of the interface characteristics of the FDG are 
specified by the systems software. Prior to initiating any 
drive operation command:, the software must execute the 
specify command. There are two types of specify 
commands selectable by the parameter issi^d. 

First Parameter Specify Type 

ODh Initialization 

10m Load bad Trades Surface 0' 

.1 Bh "koatt bad T^efliss Su rf ace ' 1' 



Specify Command' 

The Specify command is used prior to performing any 
disl<ette operation (including formatting oT a diskette) to 
define the drive's inherent operating characteristics and 
also is used following a formatting operation or 
installation of another^iskstte) to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the B271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Pha^e. Note that once the operating 
characteristics and bad traeks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the sysfelfn is powered down. 

Initialization: 



CMD: 
PARO 
PARI 

PAR2 
PAR3 



HEAD SETTLING TIME* 



INDEX CNT BEFORE 

HEAD UNLOAD 



HEAD LOAD TIME* 



•Note; Mini. floppy times are doubled- 

Parameter 0: ODh = Select Specify Initialization. 
Parameter 1: D7-Do = Step Rate (0-255ms in 1ms steps). 

{0-510ms in 2ms steps) ()=sland3rd,( l=mini 

Parameter 2: 07-04= Head Settling Time (0-255 ms in 1 
ms steps). {0-510ms in 2ms steps) () = slandard,| | = mini 
Parameter 3: 07-0^= Index Count— Specifies the number 
of Revolutions (0-14) which are to occur before the FDC 
automatically unloads the R/W head. If 15 is specified, 
the head remains loaded. 
D3-Do= Head Load Time (0-60ms in steps of 4 ms). 
{0-120ms in 8 ms steps} ()=standard,1 )=minl 

Load Bad Tracks 





A, 




Dy 


De 






D3 


^2 




Do 


CMO: 














1 


1 





1 







PARO: 





1 











1 


1/0 











PARI; 





1 


BAD TRACK NO. 1 


PAR2 





1 


BAD TRACK NO. 2 


PAR3: 





1 


CURRENT TRACK 



Parameter 0: 10h = 
18h^ 



Load Surface zero bad tracks 
= Lo£^ Surface one bad track 



Parameter 2: 

Bad track address number 2 (Physical Address). 
Parameter 3: 

Current track address (Physical Address). 

Conditions: 

1, Bad track number one must be numerically less than 
bad track number two. 

2, II n$ bad traeks are present, set the parameter to<FFH. 

RMwt Commsfid 

A, Ao D7 De D5 D4 D3 D2 Di Do 



Function: The Reset command emulates tfie action of the 
reset pin. It is issued by outputting a one followed by a 
zero to the Test Mode Register. 

1. The drive control signals are forced low. 

2. An in-progress command is abortied. 

3. The FDC status register flags are cleared. 

4. The FDC enters an idle state until the next command is 

issued. 

Special Drive Commands 

The special drive commands are used to explicitly 
position the drive read/write head or to interrogate the 
drive status. 

Command S««k Function 

The seek command moves the head to the specified track 

without loading the head or verifying the track. 

The seek operation uses the specified bad tracks to 

compute the physical track address. This feature insures 

that the seek operatron positions the head over the correct 

track. 

When a seek to track zero is specified (bad track registers 
are not used), the FDC steps the head until the track 00 
signal is detected. 

If the track 00 sigrral is not detected within (FF)h steps, a 
track not fofund error status is returned. 
A se^ tio trabk'Zero is used to position the read/write head 
wheh the current head position is unknown (such as after 
a power up). 

Ai Ao D7 De Ds D4 D3 D2 Di Do 



CMD: 
PARO: 



TRACK ADDRESS 0-255 



Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 

Read Drive Status Command 



Parameter 1 : 

Bad track address numt>er 1 (Physical Address). 



1 1 SEL 

! 1 


SEL 1 

: ^ 


1 1 1 1 








RESULT: EACH BIT INDICATES CURRENT STATE OF INPUT PINS 
Ai Ao D? De D5 U3 Dj Oi Do 




1 


1 


RDV 
1 


WR 
FAULT 


NDEX 


WR 
PROT 


RDY 



TRACK 


x\ 



IF APR IVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE tSUSI) Its <itl.fitfl tMEOSNDIlMili. 
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Read/Write Special Register Commands 

This commafld is used to access special registers within 
the 8271. 





Ai 


Ao 


D; 


Dg 


D.. D3 D2 D, Do 


CMD; 








SEL 
1 


SEL 



COMMAND OPCODE 


PARO: 





1 


REGISTER ADDRESS 



Command code: 
3Dh Read Special Register 
3Ah Write Special Register 

For both commands, the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only the Read Special 
Register command supplies a result. 



Description 


Register Address 
in Hex 


Comment 


Sector Numj^jT 


06 


See Scan Description 


MSB of Count 


14 


See Scan Description 


LSB of Count 


13 


See Scan Description 


Surface Current Track 


12 




Surface 1 Current Track 


1A 




Mode Register 


17 


See Mode Register 
Description 


Drive Control Output Port 


23 


See Drive Output 
Port Description 


Drive Control Input Port 


22 


See Read Drive 
Status Description 


Surface Bad Track 1 


10 




Surface Bad Track 2 


11 




Surface 1 Bad Track 1 


18 




Surface 1 Bad Track 2 


19 





Mode Register Write Parameter Format 

n, Dj Ds D4 



IT 



DMA MODE, - 1 NON DMA 
pOOBLE, - 1 SINGLE ACTUATOR 



Bits 7-2 1 1 ' r 

(Not usedK 'l^tj^''fa>e ;s£jt ih 2#ro. 

Bni 

Double/Single Actuatdr.#etects single or double actuator 
mode. If the single aicti!ijftdi> mode is selected, the FDC 
assumes that the physical tracl< location of both disl<s is 
always the same. This mode facilitates control of a drive 
which has a single actuetor mechanism to move two 
heads. ■ 

BitO 

Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero, the FDC operates in the DMA 
mode (DMA Request/ACK). If this bit is a one, the FDC 
operates in non-DMA mode. When the FDC is operating in 
DMA mode, interrupts are generated at the completion of 
commands. If the non-DMA mode is selected, the FDC 
generates an interrupt for every data byte transferred. 



Drive Control Output Port Format 



D, Do 



-WRITE ENABLE 

- SEEK/STEP 
-DIRECTION 

- LOAD HEAD 

- LOW HEAD CURRENT 

_ WRITE FAULT RESET/ 
OPTIONAL OUTPUT 

- SELECT 

- SELECT 1 



Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault reset 
signal. This signal is used to clear a write fault indication 
within the drive. On mini-sized drives, this bit is set to turn 
on the drive motor prior to initiating a drive operation oris 
cleared to turn off the drive motor following an operation. 
The register must be read prior to writing the register in 
order to save the states of the remaining bits. When the 
register is subsequently written to modify bit 5, the 
remaining bits must be restored to their previous states. 

Data Processing Commands 

All the routine Read/Write commands examine specific 
drive status lines before beginning execution, perform an 
implicit seel< to the tracl< address and load the drive's 
read/write head. Regardless of the type of command (i.e., 
read, write or verify), the 8271 first reads the ID fieid(s) to 
verify that the correct traci< has been located and also to 
locate the addressed sector. When a transfer is complete 
(or cannot be completed), the 8271 sets the interrupt 
request bit in the status register and provides an indication 
of the outcome of the operation in the result register. 

If CRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined 
by examining the Sector Number register using the 
Read Special Register command. 
Full power of the multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller, For example, in a 128 byte per sector 
multisector write command, the entire data bloci< 
(containing 128 bytes times the number of sectors) can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired tracl<, verifying the ID field, and locating the 
data field of the first sector to be written.The 8271 then 
DMA-accesses the first sector and starts counting and 
writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the 8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 
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128 Byte SMgto Sector Format 





Ai 


Ao 


D7 


06 


□ 5 D4 D3 D2 


Dl 


Do 


CMD: 








SEL 
1 


SEL 



COMMAND OPCODE 

- — . -i-i^ 


PABO; 





1 


TRACK ADDR O'iSS 


PARI: 





1 


SECTOR 2SS 



Commands Opcode 



READ DATA 12 

READ DATA AND DELETED DATA 16 

WRITE DATA OA 

WRITE DELETED DATA OE 

VERIFY DATA AND DELETED DATA 1 E 



Variable i^figilljiluill<Seetsr Format 





A, 


Ao 


D7 


De 


D5 


D4 D3 D2 Dl Do 


CMD: 








SEL 
1 


SEL 



COMMAND OPCODE 


PARO; 





1 


TRACK ADDR 0-255 


PARI: 





1 


SECTqR9-25S 


PAR2; 





, 


,j LENGTH 


NO. OF SECTOfIS 



D7-D5 of P8l«iMH# 2 determine fte length of the disk 



sector. 










128 Bytes 





1 


256 Bytes 


1 





512 Bytes 


1 


1 


1024 Bytes 


1 





2048 Bytes 


1 


1 


4096 Bytes 


1 1 





8192 Bytes 


1 1 


1 


16,384 Bytes 



Commands Opcode 



READ DATA 13 

READ DATA AND DELETED DATA 17 

WRITE DATA OB 

WRITE DELETED DATA OF 

VERIFY DATA AND B(R,gTEO DATA 1 F 
SCAN DATA - 00 

SCAN DATA AND DELETED DATA 04 



Command 

Read Da^ R^'pata and Deleted Data. 

Functloi|, : . |. |, 

The read command tfpfsMis dafa'frpffl a ^clf led disk 
sector or group of se^tdrs^to mem^. The operation of 
this cominar)4)>sOutttfied in e^eeut)©n phase table. 

Command 

Write Data, Write Deleted Data. 
Function 

The write command trans^rs data from memory to a 
specified disk set^r or grcHip of Sectors. 



Command* ' 

Verify Da^ and Deleted Data. 
Function 

The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a sector or a group of sectors has been written cor- 
rectly by verifying the CRC character. 

Scan Commands 



A, Ao D7 Db D5 D4 D3 D; Dl Do 



CMD: 








SEL 
1 


SEL 












SDATA 
S.DELD 








PARO: 







TRACK ADDR g.S5 


PARI: 







SECTOR 0-265 


PAR2: 







LENGTH 


NO. OF SECTORS 


PAR3: 







SCAN TYPE 


STEP SIZE 


PAM: 


a 




FIELD LENGTH (KEY) 



Command D2 = Scan Data 

D2 = 1 Scan Data and Deleted Data 

Scan Commands, Scan Data and Scan Data and Deleted 
Data, are used to search a specific data pattern or "key" 
from memory. The 8271 FDC operation during a scan is 
unique in that data is read from memory and from the 
diskette simultaneously. 

During the scan operation, the key is compared 
repetitively (using the 8257 DIvIA Controller in auto load 
mode) with the data read from the diskette (e.g., an eight 
byte key would be compared with the first eight bytes (1-8) 
read from the diskette, the second eight bytes (9-16), the 
third eight bytes (17-24), etc.). The scan operation is 
concluded when the key is located or when the specified 
number of sectors have been searched without locating 
the key. When concluded, the 8271 FDC requests an 
interrupt. The program must then read the result register 
to determine if the scan was successful (if the key was 
located). If successful, several of the FDC's special 
registers can be examined (read special registers 
command) to determine more specific information 
relating to the scan (i.e., the sector number in which the 
key was located, and the number of bytes within the sector 
that were not compared when the key was located). 



The following factors regarding key length must be 
considered when establishing a key in memory. 

1 . When searching multiple sectors, the length of the key 
must be evenly divisible into the sector length to 
prevent the key from being split at subsequent sector 
boundaries. Since the character FFh Is not compared, 
the key in memory can be padded to the required length 
using this character. For example, If the actual pattern 
compared on the diskette is twelve characters in length, 
the field length should be sixteen and four bytes of FFh 
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would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sector 
would end at the sector boundary and the first byte of 
the next sector would be compared with the first byte of 
the key. 

2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of th9 sector, the key must be offset using 
the character FF^, For example, If the first byte of a 
nine byte pattern begins on the fifth byte of the sec- 
tor, four bytes of FFh are prefixed to the key (and 
three bfim of FFh are appended to the key to meet 
the length requirement) so that the first actual com- 
parison begins on the fifth byte. 

The Scan Commands require five parameters: 

Parameter 0, Track Address 

Specifies the track number containing the sectors to be 
scanned. Legal values range from OOh to4AH (0 to 74) for a 
standard diskette and froSl OOh IS^Ih (0 to 33) fpr a mini- 
sized diskette. 

Parameter 1, Seictor Address 

Specifies the first sector to be seamed. The number of 
sectors scanned Is specified in parameter 2, and the order 
in which sectors are scaMed is specified in parameter 3. 

Parameter 2, Sector Lengtii/Number of Sectors 

The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation). 
The number of sectors freiij (bits 4-0) specifies the number 
of sectors to be scemnedL The number specified ranges 
from one sector to the physical number of sectors on the 
track. 

Parameter 3 

Dy-De: Indicate- aean type 

00- EQ Scan for each character within the field 

length (key) equal to the corresponding char- 
fc^er Within the disk sector. The scan stops 
altef the f irstinequaftty. 

01- GEQ Scan for each character within the disk sec- 

tor greater than or equal to the correspond- 
ing character within the field length (key). 
The scan stops after the first inequality. 

10-LEQ Scan for each character within the disk sec- 
tor less than or equal to the corresponding 
character within the fie d length (key). The 
scan stops after the first inequality. 

D5-D0; Step Size: The Step Size field specifies the 
offset to the next sector in a muitlsector 
scan. In tiilii #ee, the next sector address is 
SAtittateKl by adding the Step Size to the cur- 
rent sector address. 



Parameter 4, Field Length 

Specifies the number of bytes to be compared (length of 
key). While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisible into the 
sector length to prevent the key from being split at sector 
boundaries, if the muitlsector scan commands are used. 

Scan Command Results 

More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 

Read Special Register i 1 o^n' ■-■ 

Parameter Results 
(Hex) 

06 The sector number of the sector in which the 
specified scan data pattern was located. 

14 MSB Count — The number of 128 byte blocks 
remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128 byte block 
read. 

13 LSB Count — The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 128 and is decremented with each byte 

compared. 

Comnunds That Process Special Data 
Read ID 





*! 


*0 






O5 




°3 


D2 




Do 


CMD: 








SEL 
1 


SEL 






1 


1 





1 


1 


PARO: 





1 


TRACK ADDRESS 


PARI: 





1 


























PAR2: 





1 


NUMBER OF ID FIELDS 



The Read ID command transfers the specified number of 
ID fields into memory (beginning with thefirst ID field after 
Index). The ORG character is checked but not transferred. 



Format Track 





A] 


Ao 


D? 0( Ds 




D, 


D3 D2 D, Do 


CMD: 














1 I 1 I 1 


PARO: 







TRACK ADDRESS 


PARI: 







GAP 3 SIZE MINUS 6 


PAR2: 







SECTOR LENGTH 


NO. OP SECTORS/TRACK 


PAB3: 







GAP 5 SIZE MINUS 6 


PAR4: 







SAP 1 SIZE MINUS 6 



The format command can be used to initialize a disk track 
compatible with the IBM 3740 format. A Shugart "IBM 
Type" mini-floppy format may also be generated. 
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The Format command can be used to initialize a diskette, 
one track at a time. When format con-imand is used, the 
program must supply ID fields for each sector on the track. 
During command execution, the supp led ID fields (track 
head sector addresses and the sector length) are written 
sequentially on the diskette. The ID address marks orig- 
inate from the 8271 and is written aulomatically as the 
first byte of each ID field. The CRC character is written 
in the last two bytes of the ID field and is derived from 
the data written in the first five bytes. During the format- 
ting operation, the data field of each sector is filled with 
data pattern (E5)h- The CRC, derived from the data pat- 
tern is also afl^pefided to ttm test byte, 

NOTE: 

1. The parameter 2 (D7-D5) of the Format command specify 
sector length, the bits are coded the same way as in the Read 
Data commands. 

2. The programmable gap sizes igap 3. gap 5, and gap 1 ) must be 
programmed such that 6 bytes are r.ubtracted from the 
intended gap size i.e., if gap 1 is intended to be 16 bytes long, 
programmed length mtjst'^ IB - 6 = 10 bytes. 

The following is the gap size and description summary: 

Gap 1 Programmable 
Gap 2 17 Bytes 
Gap 3 Programmable 
Gap 4 Variable 
Gap 5 Programmable 

The last six bytes of gaps 1,2,3 and 5 are (00)h, all other 
bytes in the gaps are (FF)h. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FF)h. Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 

IBM Format Implementation Summary 

Track Format 

The disk has 77 tracks, numbered physically from 00 to 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks. 

Note: In IBM format track 00 cannot be a bad track. 
Sector Format 

Hack track is divided into 26, 15, or 8 sectors of 128, 256, or 
512 bytes length respectively. The first sector is 
numbered 01, and is physically the first sector after the 
physical index mark. The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 

Each sector consists of an ID field and a data field. All 
fields are separated by^gapSi Ti'he beginning of each field 
is indicated by 6 bytee:<of Mh followed by a one byte 

address mark. 

Address Marks 

Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of ID and Data 
fields. Address Mark bytes are unique from all other data 



bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cell.) There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 

Index Address Mark 

The Index Address Mark is located at the beginning of 
each track and is a fixed number of bytes in front of the 
first sector. 

ID Address Mark 

The ID Address Mark byte is located at the beginning of 
each ID field on the diskette. 

Data Address Mark 

The Data Address Mark byte is located at the beginning of 
each non-deleted Data Field on the diskette. 
Deleted Data Address Mark 

The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 





Clock 


Data 


Address Mark Summary 


Pattern 


Pattern 


Index Address Mark 


D7 


FC 


ID Address Mark 


C7 


fe 


Data Address Mark 


C7 


FB 


Deleted Data Address Mark 


C7 


F6 


Bad Track ID Address Mark 


C7 


FE 



ID Field 



MARK 


C 


H 


R 


N 


CRC 


CRC 



C = Cylinder (Track) Address, 00-74 
H = Head Address 
R = Record (Sector) Address, 01-26 
N = Record (Sector) Length, 00-02 
Note: Sector Length = 128 x 2^^ bytes 
CRC = 16 Bit CRC Character (See Below) 

Data Field 



MARK 


DATA 


CRC 


CRC 



Data is 1 28, 256, or 512 bytes long. 

Note: All marks, data, ID characters and CRC 
characters are recorded and read most 
significant bit first. 



CRC Character 

The 16-bit CRC character is generated using the 
generator polynominal XI6 -I- X12 + X5 + 1, normally 
initialized to (FF)h. It is generated from all characters 
(except the ORG in the ID or data field), including the data 
(not the clocks) in the address mark. It is recorded and 
read most significant bit first. 

Bad Track Format 

The Bad Track Format is the same as the good track 
format except that the bad track ID field is initialized as 

follows: 

C = H = R = N = (FF)H 
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INDEX ,. ti^k: ii^rr 



DATA 








ID 




DATA 




ID 




^ REUl 


GAP 4 


GAP 5 


GAP 1 


FIELD 


GAP 2 


FIELD 


GAP 3 


FIELD 


GAP 2 



GAP1: POST INDEX GAP 



INDEX ADDRESS MARK 



■ "V ■ ' ' - • 
.. one 2: ID HELD GAP 

1 ' itt' . 



WRITE GATE TURN-ON FOR UPDATE OF NEXT 
DATA FIELD. 

NOTE: THE WRITE GATE TURNON SHOULD BE TIMED 
TO WITHIN ±" 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTIL1 BYTE BEFORETHE 
TURNON. 



Q«t^ 3: POST DATA FIELD GAP 



WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD. 

NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY "I" BITS AS A DATA FIELD POSTAMBLE. 



4: FINAL GAP 

I 



GAPS: INITIAL GAP 



FIGURE 6. TRACK FORMAT 
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Missing 
Clock 



ji__rL_rL_R 



Full Sit Time = 
Half Bit Time ^ 



Nominelly 4fie 
Nominellv 2|js 



References 

"The IBM Diskette for Standard Data Interchange", 
Document GA21-9182-0. "System 32", Chapter 8, 
Docuimnt a^1v9176-0. 



Data Track Sap Lengths 



IBM 
IBM 



Data Field 
Length (Bytes) 


Gap 1 


Gap 2* 


Gap a' 


Gap 4" 


Gap 5 


128 


32 


17 


33 


274 


46 


256 


32 


17 


48 


197 


46 


512 


32 


17 






46 



'Nominal after data written. 
•Nominal i 



format in the following ways: 

1. Gap 5 and the Index Address mark have been 
eliminated. 

2. There are fewer sectors/track. 



DATA 


GAP 4 


GAP 1 


ID 


GAP 2 


DATA 


GAP 3 


ID 


GAP 2 


FIELD 






FIELD 




FIELD 




FIELD 





-Mtnl-FlopprGap* ~ 

Gap 1 = 16 bytes of FFh followed by six bytes of zeros. 
Gap 2 = 11 bytes of FF^ followed by six bytes of zeros. 
Gap 3 = size is a function of the record sixe. For 128 byte 

records Gap 3=27 bytes of FFh foiiowed by six bytes 

of zeros. _ 

Gap 4 is a final gap' and is whatever is left over. 

The ID field, address marks and CRC^iMtMillWiimmas 
In the standard disk format. 



Notes: 

1. L is the gap length in bytes. 

2. SYNC consists of six bytes of (00)h. 

3. All other bytes in the gaps are (FFIh. 

4. All gaps except Gap 4 are fixed at initialization. Gap 3 
length is nominal after writing data. 



8080 SySTEM BUS 



7\ 



MEMR 

low 

MEMW 

lOR 

CS 

HRQ 

HACK 



8257 
DIMA 
CONTROLLER 



7\ 



RD 
WR 

cs 

INT 



SZ71 
FDC 



DATA 
WINDOW 



DATA 
SEPARATOR 



UNSEPARATED DATA 



7438 
LINE 
DRIVER 



CONTROL OUT 



DRIVE 
INTERFACE 



FIGURE 7. 8271 SYSTEM DIAGRAM 
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8271 Scan Command Example 

Assume there are only 2 records on track with the 
following data: 

Record 01: 01 02 03 04 05 06 07 08 000....00 
Record (3SS'M^-<m M 156 lOO 00 00 00 00 





Field I'l 


Starting 


# of 




Completion 


Special Registers'''' 




Command 


Length 


Sector # 


Sectors 




Codei^i 


R06 


R14 


R13 


Comment 


• SCAN EQ 


2 


1 


1 


01,02 


SME 


01 





127D 


Met in first field 


SCAN EQ 


2 






02,03 


SNIUI 


X 


X 


X 


Not met 


SCAN EQ 


2 






FP*l,05 


SNM 


X 


X 


X 


Not met with don't care 


• SCAN EQ 


2 






FF'*'.06 


SME 


01 





123D 


Met with don't care 


• SCAN EQ 


2 






AA,5S 


SME 


02 





125D 


Met in Record 02 


* SCAN EQ 


2 






01,02 


SME 


02 





127D 


Starting sector ^ 1 


• SCAN EQ 


4 






05,06,07,08 


SME 


01 





121D 


Field, Key length = 4 


* SCAN GEO 


4 






05,06,07,08 


SME 


01 





121D 


GEQ-SME 


* SCAN GEO 


4 






05,04,07,08 


SMNE 


01 





121D 


GEQ-SMNE 


• SCAN GEO 


4 






00,03,AA,44 


SNM 


X 


X 


X 


GEQ-SNM 


• SCAN LEQ 


4 






01,03,FF,04 


SMNE 


01 





125D 


LEQ-SMNE 


* SCAN LEQ 


4 






01,02,FF,04 


SME 


01 





125D 


LEQ-SME 



NOTES: 

1. Field Length — Each record is partitioned into a number of fieldsequal to the record size divided by the field length. 
Note thirt-ttiMWioi^ size should M-ewnly divisabte by.the field lengtt) tOLinsure pioper apeiationof multi record- 
scan. Also; nMidmum field length - 2S6 bytes. 

2. Key — The key is a string of bytes located in the user system memory. The key length should equal the field length. 
By programming the 8257 DMA C0jHlfi^ti»' into the auto load mode, the key will be recursively read in by the chip 
<once per field). 

3. Completion Code — Shows how Scan command was met or not met. 
SNM — SCAN Not Met — (also Good Completel 

SME — SCAN Met Equal — 1 
SMNE — SCAN Met Not Equal — 1 



4. Special Registers 

R06 — This register coiNaiiis the record number where the scan was met. 

R14 — This 'regist# cdrrtains the MSB count and is decremented every 128 characters. 







R14 = 2'- 1 


Length (£) 




(InmaHze at 


(07-PS Ol PAR 2) 


Record Size 


Beglnnins of Reeoid) 


000 


128 Bytes 





001 


256 Bytes 


1 


010 


512 Bytes 


3 


oil 


1024 Bytes 


7 


• 


• 


• 


• 
• 


• 
• 


• 

• ■ 



R13 — This register contains a modulo 128 LSB count which Is initialized to 128 at beginning of each record, This 
count is decremented after each character is compared except for the last character in a pattern mitoh 

situation. 



5. The FFh character in the key is treated as a don't care character position. 



6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field Is compared to byte 1 of the key, 
byte 2 of esett field is compared to byte 2 of the key, etc. 
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ABSiLtffi MAaOMUM RATIM@r 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respectto Ground f -0.5Vto+7V 

Pam^OMl^mm !..!...,.. IWatt 



'COMMENT: Stresses above those listeaiipSfy " 
Maximum Ratings" may cause permanent ^Uf^'^ 
device. This Is ja stress rating only and -5, -1.— -__ 
operation of the device at these or any other cofiiim^WA 
above those indicated in the operationai sections oTi^m 
specification is not implied. Exposure to ateo/ufb *~ 
maximum rating conditions for eXKtMtp periods may ' 
affect device reliability. "■- • ritr.Bnji tj.\ 



Ta = O-C to 70'C, VcO = '+5.0V ±5% 



( , v •■•■,/. 



Symbol 


Paranrieter 


Min. 


Max. 


Unit 


Test Condition* 


ViL 


Input Low Voltago 


-0.5 


0.8 


Volts 




VlH 


Input High Voltage 


2 


(Vcc + 0.5) 


Volts 




Vol 


Output Low Voltage 




Q.4S 


Volts 


IOL = 2.0mA 


VOH 


Output High Voltage 


2.4 




Volts 


lOH = -200juA 


IlL 


Input Load Current 




±10 


mA 


ViN = Vcc to OV 


loz 


Off-State Output Current 




±10 


mA 


VouT = Vcc to OV 


Ice 


Vcc Supply Current 




160 


mA 




■■ ■ • • . 1 J - . ■ 

'.".'.'1 -.0 . 

CAPACITANCE 

Ta = 25° C; Vcc = GND = OV 


Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


CiN 


Input Capacitance 






10 


PF 


tc = 1MHz 


Ci/0 


I/O Capacitance 






20 


PF 


Unmeasured Pins 
Returned to GND 



■-1 -i.ji 
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A.C. CHARACIIRISTICS 

Ta = 0°C to IQ'C, Vcc = +5.0V ±S% 
Read Cycle 



Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Condition* . 


tAC 


ie 3 el up to RC 







ns 


^ 


tCA 


Select Hold from RD 







ns 




tRR 


RD Pulse Width 


250 




ns 




tAD 


_ „,. L \ : , , . :,u: ess 




200 


ns 




tRD 


Data De: . : 'mi RD 




150 


ns 


Cl = 150pF 


tDF 


Output Float Delay 


20 


100 


ns 


Cl = 20pF for 
Minimum; ISOpFfor 
Maximum 


Write Cycle 


Symbol 


Parameter 


MIn. 


Max. 


Unit 




tAC 


Select Setup to WR 







- ns 




tCA 


Select Hold from — 







ns 




tww 


WR Pulse Widtti 


250 




ns 


rtf 


tow 


Data Setup to WR 


150 




ns 




two 


Data Hold from ^ 


-20 




ns 





DMA 



Symbol 


Parameter 


MIn. 


Max. 


Unit 




tCQ 


Request Hold from WR or RD 
(for Non-Burst M@gM 




150 


ns 





Other Timing 



Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Conditions 


• rstw 


Reset Pulse VVMi 


10 




tCY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tpSTS 


Reset to First Wim 


2 




tCY 




tcY 


Clock Period 


250 






See Note 3 


tCL 


Clock Low Period 








See Note 2 


tCH 


Clock High P^IW 








Ssv-N'OUi'S 



Notes: 

1. All timing measurements are made at the following reference voltages unless specif led otiierwise: 

Input "1" at 2.0V, "0" at 0.8V 
Output "Vat 2.0V, "0" at 0.8V 



2. To be specified 

3. Standard Floppy; Tcy= 250ns ± 0.4% 
Mini-Floppy: Tcy= 500ns ± 0.4% 
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WAViFORMS 
R»ad WavatotHM 

Ag, A,, CS, DACK 

m 



DATA BUS - ■ 



, 3 



r 



Write Wavefonns 



L . ^ 



3= 



DMA Wavaferma 



-'CQ M 



lor 



OflP CLOCK 

i: o i'<\ . 



\ / 



-tcH" 



J- 
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WRITE DATA 



PW — »- 






n 






















i«*^^r ,P ^ — 





- „*<ir 

PULSE WIDTH PW = tcY ± 30ns. 

H(HALF BIT CELL) =^8 tcy 

FlFULL BIT CELL) = 16 tcv 



250ns i 
250ns J 
2.0 «sc 
4.0 sec 



0.4% 
30ns 

t: 8ns. 

t 16ns 



tcY 



500ns ± 0.4% 
500ns ± 30ns 
4.0Msec ± 16ns 
B.OMsec ± 32ns 



FIGURE 8. IwmTS DATA 




_ *tcY = 250ns __"tcY = 500ns 
FWNIMUM FULL BIT-CELL) > Stcv v 2.0MSfe' 4.0Msec 

.^HlhfllNIMUM HALF BIT-CJELL) > 4tcY 1 \ kJJ3(«MC 



FIGURE 9. READ DATA 



* Standard flexible disk drive timing. 
** Mini-floppy timing. 



Ids J" 100ns - 



DATA 



DATA 
WINDOW 



FIGURE 10. SINGLE-SHOT DATA SEPARATOR 



UNSEP ARATED 
DATA 



tDS> 100ns 



DATA 



J — r 



-tDH>Ons 



FIGURE 11. PLC DATA SEPARATOR 
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PROGRAMMABLE HDLC/SDLC PROTOCOL 
CONTROLLER 



HDLC/SDLC Compatible 

Frame Level Commands 

Full Duplex, Half Duplex, or Loop 
SDLC Operattofii 

Up to ilUl lt^id transfers 

Two User Programinable Modem 

Control Ports 

Automatic FCS (CRC) Generation and 
Cfiecking 



■ Programmable NRZI Encode/Decode 

■ N-Bit Reception Capability 

■ Digital Phase Lodged Loop Clocl( 
Recovery 

■ IMinimum CPU Overhead 

■ Fully Compatible with 8080A8Q8S CPUs 

■ Single + 5V Supply 

■ 40-Pin Pacl(age 



The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C- 
CITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




REGISTERS 



j>lN NAMES 



DBQ-DS7 



FLAG DET 
TjtINT 
CLK 
RESET 



Rx DACK 
Rx DRQ 
Rx INT 
A0-A 1 
DPLL 



DATA BUS (8 BITS) 
FLAG DETECT 
TRANSMITTER INTERRUPT 
CLOCK INPUT 
RESET 

TRANSMITTER DMA ACKNOWLEDGE 
TRANSMITTER DMA REQUEST 
READ INPUT 
WRITE INPUT 

RECEIVER DMA ACKNOWLEDGE 
RECEIVER DMA REQUEST 
RECEIVER rNTERRUPT 
COMMAND REGISTER SELECT ADDRESS 
DIGITAL PHASE LOCKED LOOP 



frQi-PBa 

rTs 



TxINT RESULT 



RxINT RESULT 



CHIP SELECT 
32 TIMES CLOCK 
RECEIVER DATA 
RECEIVER CLOCK 
TRANSMITTER CLOCK 
TRANSMITTER DATA 
CLEAR TO SEND 
CARRIER DETECT 
GP INPUT PORTS 
GP OUTPUT PORTS 
REQUEST TO SEND 
+5 VOLT SUPPLY 
GROUND 



TEST MODE 



PARAMETER 



DATA 
BUS 
BUFFER 



TxDRQ 
TxDACK 
RxORQ 

r7oack 



READ, 
WRITE 
DMA; 
CONTROL 
LOGIC 



INTERNAL DATA BUS ■ 



CPU INTERFACE 



TxD 
1>C 




RxD 
RxC 



MODEM INTERFACE 



© Intel Corporation, 1978 



Fet}ruary. 1978 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 

General 

The High Level Data Link Control (HDLC) is a standard 
comnnunication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 

The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Netwoirfc Architecture (SNA). Both the protocols 
are bit oriented, cocle independent, and- Ideal for full 
duplex communication. Some common applications 
Include terminal to tAMflndl, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed da^itriMl In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed Independent, reducing 
Interconnect hardware could become an Important 
application; - < 

Network 

In both the HDLC and SDLC line protocols, according to a 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen ooneeoutlve ones, the station goes into 
an IDLE state. ' 

Frames 

A single communication element is called a FRAME which 
can be used for both Link Contro and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bIt) INFORMATION FIELD (I), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 



types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 

Frame Characteristics 

An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a "memory dump". The 
frame Is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices, the Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex nature of the HDLC/SDLC protocols. 

in contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 

throughput rate of BISYNC. 

It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 

A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZh data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware In which the clocks are 
derived from the NRZI encoded data. 
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FUNCTI^IiL pEseRiPneN 

General 

The Intel® 8273 HDLC/SDLC controller is a microcom- 
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273can be 
used in either synchronous or asynchronous applications. 
In asynchronous applications the da:a can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the PCS is automatically 
generated and appended before the final flag in transmit. 
The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 
The 8273 can assume either a pririary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate TxcJock, 
Hardware Description 

The 8273 is packaged In a 40 pin DIP. The following is a 

functional description of each pin. 

Pin Name (No.) I/O Description 

Vcc (40) -I-5V Supply 

QND (20) Ground 

RESET (4) I A high signal on this pin will force 

the 8273 to an idle state. The 8273 
will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forc- 
ed high. Reset must be true for a 
minimum of 10 TCY. 
I The RD and WR inputs are en- 
abled by the chip select input. 
I/O The Data Bus lines are bidirec- 
tional three-state lines which in- 
terface with the system Data Bus. 
I The Write signal is used to con- 
trol the transfer of either a com- 
mand or data from CPU to the 
8273. 

RD (9) I The Read signal is used to con- 

trol the transfer of either a data 
byte or a st.atus word from the 
8273 to the CPU. 

TxINT 12) O The Transmitter interrupt signal 

indicates that the transmitter 
logic requires service. 

RxINT (11) O The Receiver interrupt signal in- 

dicates that the Receiver logic re- 
quires service. 



CS (24) 

DB7-DB0 (19-12) 
WR (10) 



TxDRQ (6) 



RxRDQ (8) 



TxDACK (5) 



RxDACK (7) 

A1-A0 (22-21) 
TxD (29) 
fxC(28) 
RxD (26) 

RxC (27) 



32X CLK (25) 



DPLL (23) 

FLAG DET (1) 

RTS (35) 

CTS (30) 

CD (31) 
PA2-4 (32-34) 
PB1-4 (36-39) 



CLK (3) 



O Requests a transfer of data be- 
tween memory and the 8273 for a 

transmit operation. 

Requests a transfer of data be- 
tween the 8273 and memory for a 
receive operation. 

1 The Transmitter DMA acl<now- 
ledge signal notifies the 8273 that 
the TxDMA cycle has been 
granted. 

I The Receiver DMA acknowledge 
signal notifies the 8273 that the 
RxDMA cycle has been granted. 

I These two lines are CPU Inter- 
face Register Select lines. 

This line transmits the serial data 
to the communication charinel. 

1 The transmitter clock is used to 
synchronize the transmit data. 

I This line receives serial data from 
the communication channel. 

I The Receiver Clock is used to 
synchronize the receive data. 

I The 32X clock Is used to provide 
clock recovery when an asyn- 
chronous modem is used. In loop 
configuration the loop station 
can run without an accurate IX 
clock by using the 32X CLK In 
conjunction with the DPLL out- 
put. (This pin must be grounded 
when not used). 

O Digital Phase Locked Loop out- 
put can be tied to RxC and/or 
TxC when IX clock is not avail- 
able. DPLL is used with 32X CLK. 

O Flag Detect signals that a flag 
(01 1 1 1 1 1 0) has been received by 
an active receiver. 

Request to Send signals that the 

8273 is ready to transmit data. 

1 Clear to Send signals that the 
modem is ready to accept data 
from the 8273. 

I Carrier Detect signals that the 
line transmission has started and 
the 6273 may begin to sample 

data on RxD line. 

I General purpose input ports. The 
logic levels on these lines can be 
Read by the CPU through the 
Data Bus Buffer. 

General purpose output ports. 
The CPU can write these output 
lines through Data Bus Buffer. 

1 A square wave TTL clock. 
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The CPU interface is optimized for the MCS-SO/SS™ bus 
with an 8257 DMA controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
Interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient opera'iion. The 8273 keeps 
the Interrupt request active until all the associated 
interrupt results have tieen'read. 

The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of sevei registers addressed 
via CS, Ai, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. Ai , Ao are 
generally derived from two low order bits of the address 
bus. If an 8080 based CPU is utili zed, t he R D and WR 
signals may be driven by the 8228 I/OR and l/OW. The 
table shows the seven register select decoding: 
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Figure 2. 8273 Bloci( Diagram Showing CPU Interface 
Functions 



Command 

Operations are initiated by writing an appropriate 
command in the Command Register. 

Parameter 

Parameters of commands that require additional informa- 
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 

Transmit Interrupt Result 

Contains the outcome of 8273 transmit operation 
(good/bad completion). 

Receive Interrupt Result 

Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de- 
tail the reason for Interrupt. 

Status 

The status register reflects the state of the 8273 CPU 
Interface. 



DMA Data Transfers 

The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
(DMA) for the data transfers. When the 8273 is configured 
in DMA mode, the elements of the DMA interfaces are: 

TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 tor a transmit operation. 



TxDACK: Transmit DMA Acknowledge 



The TxDACK signal notifies the 8273 that a transmit DMA 
cycle has been granted. 

RxDRQ: Receive DMA Request 

Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 



The RxDACK signal notifies the 8273 thiat a receive DMA 
cycle ha^^iffn^^^^i^, 

RD, WR: Read, Write 

The RD and WR signals are used to specify the direction of 
the data 

DIVIA transfefs requtfe the use of a DMA controller such as 
the Intel 82S7. The function of the DMA controiier is to 
provide sequential addresses and tiRii>igi for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 

To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 

It is also possible to configure the 3273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 



Modem Interface 

The 8273 Modem interface provides both dedicated and 
user defined modem control functicms. All the signals are 
active low so that EIA RS-232C inveiting drivers (MC 1488) 
and inverting receivers (MC 1489) may be used to interface 
to standard modems. For asynchronous operation, this 
interface supports programmable NRZI data encode/ 
decode, a digital phase locked loop for efficient clock 
extraction from NRZI data, and mod em c ontrol ports with 
automatic CTS, CD monitoring and RTS generation. This 
interface also allows the 8273 to operate in PRE-FRAME 
SYNC mode in which the 8273 prefixes 16 transitions to a 
frame to synchronize idle lines before transmission of the 
first flag. 

It should be noted that all the 827o port operations deal 
with logica l val ues, for instance, bit DO of Port A will be a 
one when CTS (Ptn 30) Is a physical zero (logical one). 

Port A — Input Port 

During operation, the ^^73 interro^tes input pins CTS 
(Clear to Send) and G0i6arrier-0steta). CTS is used to 
cond ition the start of a transmission. If during transmis- 
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is Ipst.Jhp 8273 generates an interrupt. 
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CO - CARRIER DETECT 
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COMMAND 
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Figure 3. 8273 Block Diagram Showing Control Logic 
Functions 



Port B - Output Port 

During normal operation, if the CPU sets RTS activ e, the 
8273 wiil I not change this pin; however, if the CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins pf Port Bare set toahigh, 
inactive level. 



I USER DEFINED INPUT PAt, PA3, PA2 



I RTS - REQUEST TO SEND 



I USER DEFINED OUTPUT PB«. PB3, PB;, PBi 



FLAG DETECT 



The user defined input bits correspond to the 8273 PA4, 
PA3 and PAj pins. Ttm^ZT3 does not interrogate or ma- 
nipulate these bits. 



The user defined output bits correspond to the state of 
PB4-PB1 pins. The 8273 does not interrogate or manipu- 
late these bits. 
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Serial Data Logic 

The Serial dat a is s ynchronized by the user transmit ( TxC) 
and receive (RxC) clocl<s. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 

The diagnostic features included in the Serial Data logic 
are programmable loop bacic of data and selectable clock 
for the receiver. lntheloop-baci( mode, the data presented 
totheTxD pin is internally routed to the receive datainput 



circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the ^273. 

I n the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the exte rnal circui try. T he user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clo(^ used to generate the loop back data is 
used to sam ple it.' Since TxD is generated off the leading 
edge of TxC and RxD is sampled on thetrailirtg'^(p«^<tt)e 
selected clock allows bit synchronism. 
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Figure 4. 
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Asynchronous Mode Interface 

Although the 8273 is fully compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchro^Pji^^fimunlcation, the 8273 can 
also be used In asyncf^rfjhdu^' applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLL) for clock recovery from a receive data stream 
and programiiragl<$ NRZI encioding and decoding of data. 
The use of NR^I imding With SDLC transmission 



guarantees that within a frame, data transitions wIH occur 
at least every five bit tl mes — the Ibngest sBq uence of ones 
which may be transmtttad without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen- 
tation with, or without modems. 
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- -^^c^g^, ^ - . - — : — — ^- — '-- ■ ' ' . X. ' -.-..giyjWE^ii'jSt :- ' 

Digital Phase Locked Loop _ ..wvm wi» i- -i-jt, 

In asynchronous applications, the clock Is derived from 

the receiver data stream by the use of the digital phase 

locked loop (OPLL). The DPLL requiren a clock input at32 

times the require d baud ra te. The receive data (RxD) is 

sampled with this 32X CLK and the 8273 DPLL supplies a 

sample pulse nominally centered on theRxO bit cells. The 

DPLL has a built-in "stiffness" which reduces sensitivity to 

line noise and bit distortion. This is accomplished by 

making phase error adjustments In discrete Increments. > . 

Sin ce the no minal pulse is made to occur at 32 counts of 

the 32X CLK, these counts are subtracted or added to the 

nominal, depending upon which quadrant of the four error 

quadrants the data edge occurs in. For example if an RxD 

edge is detected in quadrant A1, it is apparent that the 

DPLL sample "A" was placed too close to the trailing edge 

of the data cell; sample "B" will then be place d at T = 

(Tnominal - 2 counts)i = 30 counts of the 32X CLK to move 

the sample pulse "B" toward the nominal center of the next 

bit cell. A data edge occuring in quadrant B1 would cause 

a smaller adjustment of phase with T = 31 counts of the 

32X CLK. Using this technique the DPLL pulse will 

converge to nominal bit center within 12 data bit tinliSi 

worst case, with constant incoming RxD edges. 

A method of attaining bitsynchronism following a line Idle * 
is to use PRi^FRAMS SYNC mode of transmission- 



X - K ■ Y 




QUADRANT 


A1 


B1 


B2 


A2 






-•' ' ■ '1 


r 


'■ > 



AOJUSTMEMT -i -1 +1 4 



Figure 5. DPLL Sample Timing 
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SDLC Loop 

The DPLL simplifies tlie SDLC loop station Implementa- 
tion. In this application, each secondar7 station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, bacl< to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 

Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The DPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 
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PRINCIPLES OF OPERATION 



The 8273 Is an Intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiying frames. It Is fully compatible 
with the MCS-80/85™ system bus. As a peripheral device, 
it accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the Ai, Ao select the appropriate registers on the 
chip as described in the Hardware Description Section. 

The 8273 operation Is composed of the following 
sequence of events: 



COMMAND PHASE 



EXECUTION PHASE 



CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 



THE S273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 



RESULT PHASE 



THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 

eneiiATiON OF ONE OR more of the registers. 



The Command Phase 

During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be Issued If the Status Register indicates 
that the device is busy. Similarly if a parameter is Issued 
when the Parameter Buffer shows full. Incorrect operation 
will occur. 

The 8273 is a duplex device and bcth transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, t ie command regis- 
ter must be used for one command sequence at a time. 

Status Register 

The status register contains the status of the 8273 activity. 
The description is as follows. 

D, Da [^ D, D3 D, D| Oo 
I CBSY|CBF|ePBfXgaF|g«INT|TxlNT|R«IBA|T»IHA | 



Bit 7 CBSY (Command Busy) 

Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It Is improper to write a command when CBSY 
is set; It results in Incorrect operation. 





^ END ^ 



END OF COMMAND PHASE 



WRITE 
PARAMETER 



Figure 7. Command Phase Flowchart 



Bit 6 DBF (Command Buffer Full) 

Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 

Bit 5 CPBF (Command Parameter Buffer Full) 

CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 

Bit 4 CRBF (Command Result Buffer Full) 

Indicates that an executed command immediate result is 
present in the Result Register It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxINT (Receiver Interrupt) 

RxINT indicates that the receiver rec uires CPU attention. 
It is identical to RxINT (pin 1 1 ) and is set by the 8273 either 
upon good/bad completion of a specified command or by 
Non-DMA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a N&r«0MA data transf^, i. , i - >»i«t>t<i oik 

Bit 2 TxINT (Transmitter Interrupt) 

The TxINT indicates that the transmitter requires CPU 
attention. It is identical to TxINT (pin 2). It is set by 8273 
either upon good/bad completion of a specified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMA transfer. 

Bit 1 RxIRA (Receiver Interrupt Result Available) 

The RxIRA is set by the 8273 when an interrupt result byte 
is placed in the RxIRA register. Itisesset^ttewtheCPU has 
read the RxIRA register. 

Bit TxIRA (Tianmittier Interrupt Result Available) 

The TxIRA isf^by thsB273 when an interrupt result byte 
is placed in ^ TxIRA register. It is reset when the CPU 
has read the TxIRA register. 



The Exiaeiitton Phase x c ? > 

s ■ 

Upon acceptmg the last parameter, the 8273 enters into 
the Execution Phase. The locution phase may consist of 
a DMA or other activity, and may or may not require CPU 
intervention. The CPU intervention is elliminated in this 
phase if the system utilizes DMA for the data transfers, 
otherwise, for non-DMA data transfers, the CPU is 
interrupted by the 8273 via TxINT and RxINT pins, for 
each data byte request. 



The Result Phase 

During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase IsMHated 
by: 

1. The successful completion of an operation 

2. An error detected during an operation. 

To facilitate quicl^ network software decisions^ IM types 
of execution results are provided: 

1. An Immediate Result 

2. A Non-Immediate Result 
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Figure 8. Rx Interrupt Result Byte Format 
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Immediate result is provided by the 8273 for commands 
such as Rea d Po rt A a nd Read Port B which have 
information .tCTS,. CD, RTS, etc.) that the network 
software ntmciii'.tp mal»:€|uiGl( operational decision^. 

A command which cannot provide an Immediate result will 
generate an Interrupt to signal the beginning of the Result 
phase. The Immedtate results are provided in the Result 
Register; all rtdn^iffiniediate results are available upon 
deviee interrupt thrbugh Tx Interrupt Result Register 
Txl/ft Or R)t Interrupt Result Register Rxl/R. The result 
may ^n^st of a one-byte interniipt code indicating the 
condMon for tne interrupt and, HP required, one or more 
bytes wftlch detail the condition, 



Tx and Rx Interrupt Result Registers 

The Result Registers have a result code, the three high 
order bits D7-D5 of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 



■•'-r.riM, 

flfil'l Al.lO- • I.- I 
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RtSUI,T PHASE FLOWCHART - INTERRUPT RESULTS 
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AFTER COMMAND PHASE COMPLETION (BEAB PORT A, PORT B) 




READ RESULT 
REGISTER 



RESULT PHASE FLOWCHART - IMMEDIATE RESULTS 



Figure 9. RXiiiftfH'nipt SeiViee 
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DETAILED COMMAND DESCRIPTION 

General 

The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SDLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 82''3 has address and 
control byte buffers which allow the receive and transmit 
commands to be us^ Tn buffered or non-buffered modes. 

In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, It fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Checl( 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 

In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag, in 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 

HDLC Implementation 

IHDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero In the low order bit 
indicates the last byte of the respective field. 

Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data trnnsjer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 

However, the user can take advantacje of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be usied to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 

The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SDLC Loop applications. Loop Transmit and Receive 
commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 



initialization Set/Reset Commands 

These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param- 
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter). The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
perform a logical-AND of the specified register with the 
mask). 

Set One-Bit Delay (CMD Code A4) 

*! % °1 °6 °5 O4 O3 °2 0, D3 
CMD: 1 1 1 
PAR: 01 1000000 



When one bit delay is set, 8273 retransmits the received 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 

Reset One-Bit Delay (CMD Code 64) 

A, A„ D, H D. D, D, D, H, 

CMD: 1 1 1 I 
PAR: 10 11111 11 



The 8273 stops the one bit delayed retransmission mode. 
Set Data Transfer Mode (CMD Code 97) 

A, A„ O, D5 D5 D3 Dj D, Dj, 

CMD: 1 1 1 1 1 
PAR: 1 1 



When the data transfer mode is set, the 8273 will Interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 

Reset Data Transfer Mode (CMD Code 57) 

*1 *0 °7 D5 °A °2 °2 O1 Do 

CMD: 1 1 1 1 1 
PAR: 111111110 



If the Data Transfer Mode is reset, the 8273 data transfers 
are performed through the DMA requests without interrupt- 
ing the CPU. r 
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Set Opweattig |iQ«M(»iB(CMPft#t) 





Al 


Ao 


D7 


°e 




°. 


03 


°2 


D, 


Do 


CMD: 








1 








1 











1 


PAR: 





1 


■ 


' a 















I 1 - FLAG STREAM MODE 
1 ' PREFRAME SYNC MODE 
1 - BUFFERED MODE 
1 = EARLY INTERRUFT MODE 



1 1 = EOP INTERRUPT MODE 
1-Hm-CMODE 

Reset Opim^f MMe (^MD Code 51) 





*. 


*0 


D7 


06 


D5 


D4 


03 


"2 


D, 


Do 


CMD: 











1 





1 











1 


PAR: 





1 


1 


1 















Any mode switches set in CMD code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 

(D5) HDLC IVIode 

I n HDLC mode, a bit sequence of seven ones (01 1 1 1 1 1 1 ) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 

(D4) EOP Interrupt Mode 

In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01111111) is detected by an 
active receiver. This mode is useful for the implementation 
of an SDLC loop controller In detecting the end of a 
message stream aft^ 9 loop poll. 

(D3) Transmitter Early Interrupt Mode (Tx) 

The early Interrupt mode Is specified to Indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early interrupt Is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the final 
flag Is sent, the final flag Interrupt will not be generated 
and a new frame will immediately begin when the current 
frame Is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided. 9 
final Interrupt «vttl tallow. 

If this bit Is zeno, th%t[»^f|iupt will begeneftfed only after 
the final flag has been transmitted. 

(D2) Buffered Mo<M 

If the buffered mod^bit is-set to a one, the first two bytes 
(normally the addreM (A>tnd eorttrol (C) fields) of aframe 
are buffered by the ^3. If this bit Is a zero the address and 
control fields are^piSiksiti t& and Mm memory. 

(D1) Preframe Sync Moite 

If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 

To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (00)„ if NRZI is set or data (55)„ if N RZI is not 
set. 



(DO) Flag Stream Mode 

If this bit Is set to a one, the following table outlines the 
operation of the transmitter. 



TRANSMITTER STATE 


ACTION 


Idle 

Transmit or Transmit-I 

Transparent Active J 
Loop Transmit Active 

1 B.' ■ ■ '-ctive 


Send Flags immediately. 
Send Flags after the 
transmission complete 

Ignore command. 
Ignore command. 



If this bit is reset to zero the following table outlines the 
operation of the transmitter 



TRANSMITTER STATE 


ACTION 


IDLE 

Transmit or Transmit 1 
Transparent Active J 
Loop Transmit Active 
1 Bit Delay Active 


Send Idles on next character 
boundary. 

Send Idles after the transmission 
is compiete. 
Ignore command. 
Ignore comn^nd. 



Set Serial I/O Mode (CMD Code AO) 



*i \ °T °e °h D« D3 °2 °< Do 
CMD: 0010100000 

PAR: 1 

I 1 - WRZ1 MODE 

1 = TkC -*-RxC 

1 = LOOP BACK TxD -»-RxD 



Reset Serial I/O Mode (CMD Code 60) 

This command allows bits set in CMD code AO to be reset 
by placing zeros In the appropriate positions. 

Aq D? D5 D< D3 D; D, D, 

CMD: 0001100000 
PAR: 111111 



(D2) Loop Back 

If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. ^ 

(D1) TxC RxC 

If this bit is set to a one, the transmit clock Is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (D2). .^^ ,^ . 

(DO) NRZI Mode 

If this bit Is set to a one, NRZI encoding and decoding of 
transmit and receive data Is provided. If this bit Is a zero, the 
transmit and receive data Is treated as a normal positive logic 

bit stream. 

NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change. NRZI Is used in all asynchronous operations. 
Refer to IBM document GA27-3093 for details. 
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RmcI OflwI^IBeawMild ' >' 

A, A„ D, Dj D5 O, D, D2 D, D„ 
TMR: 1 j 1 
TMR: 1000000000 



An 8273 reset command is executed by outputing a (01 )h 
followed by (00)h to the test mode register (TMR). See 8273 
AC timing characteristics for Reset pulse specifications. 

The reset command emulates the action of the reset pin. 

1 . The modem control signal^ ar@ Mmit0^,il0iif^Bl6f$lg6 

level). 

2. The 8273 status register flags ar.3 cleared. 

3. Any commands In progress are terminated Immedi- 
ately. : -. . 

4. The 8273 enters an iile state until the next command is 
Issued. ' 1 i"0 " »'. •frsi'- • ' .1 fi " noi,.- 

5. The Serial I/O and Operating Mode registers are set 
to zero and DMA data register transfer mode Is 
selected. ...j,, 

6. The device assumes a non-loep S^U^ ImMpwI rote. 

Receive Commands 

The 8273 supports three receive commands: General 
RecsMe, S^eetive Reoek^ and Selective iax)^ Reeeiwer.- a 

General Receive (CMD Code CO) 

General receive Is a receive mode In which frames are 
received regardless of the contents of the address field. 



Ai Ao D7 De D5 D4 D3 D2 Di Do 









i{i|o|o|o|o|o[o 





1 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 





1 


MOST SIGNIFICANT BYTE Of RECEIVE 
BUFFER LENGTH (B1) 



NOTES: 

1 . If bufferecl'iMixilsl^ lpe6itM.-fhe K IfS^^eelve f raltie length 
(result) is«ien«in*i^<orf (UtiMeb'i%tS6^- ^ ''' 

2. If non-txuffersd moete is spetiffed, the RO, R1 receive frame 
length (result) is the number of data t>ytes received plus two 
(the count includes the address and centrel t>y$^). 

3. The frame check sequence (FCS) is nrt *fa*isferred to 
memory. 

4. Frames with less than 32 bits between flags are ignored (iS 
interrupt generated) if the buffered mode is specified. 

5. In the non-buffered mode an interrupt Is generated when a 
less than 32 bit frame is received, since data transfer requests 
have occurrad. 

6. The 8273 receiver Is always disabled when an Idle is received 
after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver 

7. The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt. 

8. If an ABORT Character is not preceded by a flag and is fol- 
lowed by an IDLE, an interrupt will be generated for ttie ABORT 
followed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable Hm^^nm. 



Selective Receive (CMD Code C1) 





Ai 


Ao 


D7 De Ds D4 D3 D2 Di Do 


CMD: 








i|i|o|o|ojo'o i 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 


PAR; 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE IA1I 


PAR: 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD TWO IA2I 



Selective receive is a receive mode in which frames are 
Ignored unless the address field matches any one of two 
address fMds given to the 8273 as parameters. 

When selective receive is used in HDLC the 8273 looks at 
the first character. If extended, sdftvi^e must then decide 
ff the riUiMg#i^l(rtM« ■unit. ' 

Selective Loop Receive (CMD Code C2) 





Ai 


Ao 


D7 De D5 D4 D3 D2 Di Do 


CMD: 








1{1{0{0{0{0{1|0 


PAR: 








LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH ISO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (Bl) 


PAR: 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE {All 


PAR: 





1 


RECEIVE FRAME AOOf^S^iU^St^ ' 
FIELD TWO {A2) 



Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01 1 1 1111) following 
a valid received frame. The one bit delay mocte is also 
reset at the end of a selective loop receive. 

Receive Disable (CMD Code C5) 

Terminates an active receive command immediately. 

Ai Ao D7 De D5 D4 D3 D2 Di Do 
CMD: |0|0|l|l|o|o|o|l|o[l | 
PAR: NONE 

- ■ ■ - ■■ - nhmj - 



Frame, Loop Transmit, Transmit Transparent. 
Transmit Frame (CMD Code C8) 





Ai 


Ao 


D7 Dg D5 D4 D3 D2 Di Do 


CMD: 








i| i|o| o| i|o|o| 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 


PAR: 





1 


ADDRESS FIELD OF TRANSMIT FRAME (A) 


PAR: 





1 


CONTROL FIELD OF TRANSMIT FRAME (C) 



Transmits one frame including: initial flag, frame Gheck 
sequence, and the final flag. 

If the buffered fiecfews spfeeiftad, the LO, Lt, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 
In unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 

Loop Transmit (CMD Code CA) 





Ai 


Ao 


□7 De Dg D4 D3 &2 t>1 Do 


CMD: 








1 1 1 I 1 1 1 1 [ i f 


PAR; 





1 


LEASTSIGNIFICANTBYTEO'F ■ 

FRAME LENGTH (LO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 


PAR: 





1 


ADDRESS FIELD OF TRANSMIT FRAME (A) 


PAR: 





1 


CONTROL FIELD OF TRANSMIT FRAME (C) 



Transmits one frame in the same manner as the transmit 
frame command except: 

1. This comm^pd shoul<l be given only in one-bit delay 
mode. " ' 

2. If the 1\ag sisream mode is not active transmission will 
begin affeir a received EOP has been converted to a 
flag. 

3. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

4. At the end Oif a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 









1 1 1 1 1 1 1 1 1 1 1 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LOl 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH {LI 1 



The 8273 will transmit a blocl< of raw data without 
protocol, i.e., no zero bit insertion, flags, or frame checK 
sequences. 

Abort Transmit Commands ^ 

An abort command is Supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 

Abort Transmit Frame (CMD Code CC) 

Ai Aq D7 De Dj, Da D3 D2 Di Dp 
CMD: |o|o| l|l|o|o|l| l|o| | 
PAR: NONE 

After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 

Abort Leop Transmit (CMD Code CE) 

Ai Ao D7 D5 D5 Dt O3 Dz Di Do 
CMD: |o[q| l[l[o|o|lj l|l[o [ 
. PAH: NONS 

After a flag is transmitted the transmitter reverts Is. one bit 
delay mode. 

Abort Transmit Transparent (CMD Code CD) 

Ai Ao D7 Dg D5 D4 D3 D2 Di Do 
CMD: I I I 1 I 1 I I I 1 I 1 I g I 1 | 
PAR: NONE 

The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 



■I ' 
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Modem Control Commands 

The modem control commands are used to manipulate the 
modem control ports. 

When read Port Apr Port B commands are executed the 
result of the commWid is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits to be set. The Bit Reset 
Port B command retires a mask that has a zero in the bit 
positions that are to be reset. 

Read Port A (CMD Code 22) 

Ai Ao O7 Ds Ds 04 D3 D2 D, Do 
CMD: I I I I 0;] 1 I I I ] 1 I I 

PAR: NONE 

Read Port B (CMD Code 23) 

*! *0 °7 °6 °S °t "3 °2 °1 °0 
CMD: q I Q 1 1 1 

PAR: NONE 

Set Port B Bits '{CMlD Glide A3) 

This command allows user defined Port B pins to be set. 





Al 


Ao 


D7 






D4 


D3 


D2 


Di 


Do 


GMD: 











1 


1 











1 


1 


PAR: 





1 





.0 















' 1 ' I RTS - REQUEST TO SEND 

USER DEFINED 

FLAG DETECT 



(D5) Flag Detect 

This bit can be used to set the flag detect pin. However, it 
will be reset when the next flag is detected. 

(D4-D1) User Defined Outputs 

These bits correspond to the state of the PB4-PB1 output 
pins. 

(Do) Request to Send 

This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 

Reset Port B Bits (CMD Code 63) 

This command allows Port B user defined bits to be reset. 



Ao D7 Dg Dg D4 D3 D2 Di Do 



CMD: 
PAR; 












1 


1 











1 


1 







1 


1 


1 
















1 


' 1 RIS-KtUUtSI lUSbNU 
USER DEFINED 


FLAQ DETECT 



This command allows Port B (D4-D1) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4- 
PBi). 



8273 Command 




Command Description 


Command 
(HEX) 


Parameter 


Results 


Result 
Port 


Completion 
Interrupt 


Set One Bit Delay 


A4 


Set Mask 


None 




No 


Reset One Bit Delay 


64 


Reset Mask 


None 




No 


Set Data Transfer Mode 


97 


Set Mask 


None 




No 


Reset Data Transfer Mode 


57 


Reset Mask 


None 




No 


Set Operating Mode 


91 


Set Mask 


None 




No 


Reset Operating Mode 


51 


Reset Mask 


None 




No 


Set Serial I/O Mode 


AO 


Set Mask 


None 




No 


Reset Serial I/O Mo(te 


60 


Reset Mask 


None 




No 


General Receive 


CO 


B0,B1 


IC,R0,R1,A,C 


RXI/R 


Yes 


Selective Receive 


CI 


80,81 ,A1,A2 


IC,R0,R1,A,C 


RXI/R 


Yes 


Selective Loop Receive 


C2 


B0,B1,A1,A2 


IC,R0,R1,A,C 


RXI/R 


Yes 


Receive Disable 


C5 


None 


None 




No 


Transmit Frame 


C8 


L0,L1,A.C 


IC 


TXI/R 


Yes 


Loop Transmit 


OA 


LO.LI.A.C 


IC 


TXI/R 


Yes 


Transmit Transparent 


09 


LO.LI 


10 


TXI/R 


Yes 


Abort Transmit Frame 


CO 


None 


IC 


TXI/R 


Yes 


Abort Loop Transmit 


CE 


None 


IC 


TXI/R 


Yes 


Abort Transmit Transparent 


CD 


None 


IC 


TXI/R 


Yes 


Read Port A 


22 


None 


Port Value 


Result 


No 


Read Port B 


23 


None 


Port Value 


Result 


No 


Set Port B Bit 


A3 


Set Mask 


None 




No 


Reset Port B Bit 


63 


Reset Mask 


None 




No 
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8273 ComMMid SuRinMiy Key 

BO — Least s^rtifi^aiil^e of the ceceive' buffer 

length. ' ' ' 
B1 — Most significant of.tf^^receive buffer 

length. 

LO — Least significant byte of the Tx frame length. 
LI — Most significant byte of the Tx frame length. 
A1 — Receive frame address match field one. 
A2 — Receive frame address match field two. 
A — Address field of received frame. If non-buffered 

mode is specified, this result is not provided. 
C — Control field of received frame. If non-buffered 

mode is specified this result is not provided. 
RXI/R — Receive interrupt result register 
TXI/R — Transmit interrupt result register. 
RO — Least signlfieant teyte of the length of the frame 

received. > 

R1 — Most steificaid: byte of ^ length of the frame 
receivfia. 

IC — Irttdfirupt result code (see table). 



Air-;. (.., 



GENERAL 
RECEIVE 

(Ro. Ri ' 





IDLE 


IDLE 
















FLAG 


FLAG 


FLAG 


DATA IN 


OR 


OR 


FLAG 


A 


C 


ll 


FCS, 


FCS2 


FLAG 


OR 


OR 


OR 




FLAG 


FLAG 
















ABORT 


IDLE 


IDLE 



DMA REQUESTS 
OR 

DATA INTERRUin'S 



t. t.. 



NON-BUFFERED MODE 



CPU INTERRUPTS 



t FRAME i 
COMPLETE I 



POSSIBLE 

IDLE INTERRUPT 



Figure 12. Typical Frame Reception 
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IDLE 


IDLE 




















IDLE 




OR 


OR 


FLAG 


A 


C 


1, 


I2 


I3 


FCS, 


FCSj 


FLAG 


OR 




FLAG 


FLAG 
















FLAG 



DATA REQUESTS 
OR 

DATA INTERRUPTS ' 

cpuuiS^wleTS 



1_ 



t-^ t'^ t'^ t' 



NON-BUFFERED MODE 



TRANSMISSION 

COMPLETE 

INTERRUPT 



■ EARLY Tx INTERRUPT 



Figure 13. Ty|>ical Frame Transmission 




SYSTEM BUS 



7^ 



7^ 



DBo-7 
MEMR 

low 

MEMW 
lOR 
CS 
HRQ 
HACK 
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DMA 
CONTROLLER 



DBo-7 
RD 
WR 
CS 

TXINT 
RXINT 



RxDRQ 



\7 



8Z73 



TXD 



MODEM CONTROLS 



Figure 14. 8273 Syetwn OUqiam 
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AmbientTemperatureUnderBias 0°Cto70°C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin With 

Respect to Grownd^.,. , „ -0.5V to +7V 

Power Dissipation 1 Watt 



Maximum Ratings" may cause permanent ddii^^J^t^^ 
device. This is a stress rating only and f§f\i^k).^^A 
operation of the device at these or any other condilipti% • 
above those indicated in the operational sections of ^Sfe^^ 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5.0V ±5% 



Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Conditions 


ViL 


Input Low Voltage 


-0.5 


0.8 


Volts 




VlH 


Input High Voltage 


2.0 


Vcc + 0.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


IOL = 2.0mA 


VOH 


Output HIgti Voltage 


2.4 




Volts 


lOH = -200mA 


ilL 


Input Load Current 




±10 


A-A 


ViN = Vcc to ov 


ioz 


Off-State Output Current 




±10 


mA 


VouT = Vcc to ov 


Ice 


Vcc Supply Current 




160 


mA 





CAPACITANCE 

Ta = 25° C; Vcc = GND = OV 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


Test Conditions 


Gin 


Input Capacitance 






10 




tc = 1MHz 


Cl/O 


I/O Capacitance 






20 


pF 


Unmeasured Pins 
Returned to GNO 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70" C, Vcc = +5.0V ±5* 
Read Cycle 



Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to RQ 







ns 


■ ^, #^ 


tCA 


Select Hold from RD 







ns 




tRR 


RD Pulse Width 


250 




ns 




tAD 


Data Delay from Address 




200 


ns 




tRD 


Data Delay from Rl5 




150 


ns 


Cl = 150pF 


tDF 


Output Float Delay 


20 


100 


ns 


Cl = 20pF for 
Minimum: ISOpFfor 
Maximum 


Write Cycle 


Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to WFl 







ns 




tCA 


Select Hold from WR 







ns 




tww 


Pulse Width 


250 




ns 




tow 


Data Setup to WR 


150 




ns 




tWD 


Data Hold from WR 


-20 




ns 





DMA 



Symbol 


Parameter 


Min.. 


Max. 


Unit 


Test Conditions 


tco 


Request Hold from WR or RD 
(for Non-Burst Mode) 




150 


ns 




other Timing 


Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test Conditions 


tRSTW 


Reset Pulse Width 


10 




tCY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tRSTS 


Reset to First mm 


2 




toy 




' CY 


Clock 


250 






Note 3 


tCL 


Clock Low 


Tbs 






Note 2 


tCH 


C\otM H i g h 


Tbs 






Note 2 


tDCL 


Data Clock Low 










toCH 


Data Clock High 


200 




ns 




tOCY 




15625 




ns 


Notes 


tTO 


Transmit Data Delay 




100 


ns 




Ids 


Data Setup Time 


100 




ns 




tOH 


Data Hold Time 







ns 




tOPLL 


OPLL Output Low 


200 




ns 




tFLD 


FLAG DET Output Low 


8tcy±50 




ns 





NOTES: 

1 . All timing riMMisiirements are madeia the reference voltages unless otherwise specified: 

Input "1" at a.OV. "0" at 0.8V 
Output "1" at 2.0V, "0" at 0.8V 

2. To be specified. 

3. 64K baud maximum operating rate. 
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PROGRAMMABLE CRT CONTROLLER 



■ Programmable SpMsn and Charaeter 
Format 

■ 6 Independent Visual Field Attributes 

■ 11 Visual Character Attributes 
(Graphic Capatiilit]^ 

■ Cursor Co#reH (4 Types) 

■ Light Pwi lidiiciloii and Registers 



■ Fully MCS-80™ and MCS-tS™ 
Compatible 

■ Dual Row Buffers 

■ Programmable DMA Burst Mode 

■ Single + SV Supply 

■ 40'Pln Pacicage 



The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
InteP microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
Interface to«aln)f^«i^ rattier scan CRT display with a minimum of external hardware and software overhead. 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

Pin # Pin Name I/O 



Pin Description 



Pin # Pin Name I/O 



Pin Description 



1 







Line count. Output from the line count- 


2 


LC2 




er which is used to address the character 


3 


LCi 




generator for the line positions on the 


4 


LCq 




screen. 


5 


DRQ 





DMA request. Output signal to the 8257 








DMA controller rec|uesting a DMA cycle. 


6 


DACK 


1 


DMA acl<n owl edge. Input signal from 








the 8257 DMA controiler acknowledging 








that the requested DMA cycle has been 








granted. 


7 


HRTC 





Horizontal retrace. Output signal which 








is active during the programmed hori- 








^KJll Lo 1 f c Li ci^c 1 1 1 LCr Vaii MUMity LIlia pcii" 








od the VSP output is high and the 








LTEN output is tow. 


8 


VRTC 





Vertical retrace. Output signal which is 








active during the programmed vertical 








retrace interval. During this period the 








VSP output is higti and the LTEN out- 








put is low. 


g 


RD 


1 


FHead input A con tro 1 signal to read 








TBgistGrs 


10 




WR 


1 


Write input. A control signal to write 








commands into the control registers or 








write data into the row buffers during a 








DMA cycle. 


11 


LPEN 


1 


Light pen. Input signal from the CRT 








system signifying that a light pen signal 




liii 


1.1 


,..b^ been detected. 


12 


DBo 




r, ^l^tireertional three-state data bus lines. 


13 


DBi 




The outputs are enabled during a read of 


14 


DB2 




tt»e iE 0f P ports. 


15 


DB3 






16 


□B4 






17 


DB5 






18 


DBg 






19 


DB7 






20 


Ground 




Ground 



40 

39 
38 



37 



36 



35 



34 
33 



31 

30 

29 
28 
27 
26 

m 

23 
22 



vcc 

LAo 
LAi 



LTEN 



VSP 



GPAi 
GPAo 



IRQ 

CCLK 

CC6 
CC5 
CC4 
CC3 
CC2 
CCi 
CCo 

cs 

Ao 



+5V power supply 

Line attribute codes. These attribute 
codes have to be decoded externally by 
the dot /timing logic to generate the 
horizontal and vertical line combinations 
for the graphic displays specified by the 
character attribute codes. 

> Light enable. Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 

Reverse video. Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the positions 
specrfied by the field attribute codes. 

Video suppression. Output signal used to 
blank the video signal to the CRT. This 
output is active: 

— during the horizontal and vertical re- 
trace intervals. 

— at the top and bottom lines of rows if 
ufidefline is prograrnmed to be number 
8 or greater. 

— when an end of row or end of screen 
code is detected. 

— When a DMA underrun occurs. 

— at regular intervals (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for character and field attri- 
butes) — to create blinking displays 
as specified lay cursor, character attri- 
bute, or field attribute programming. 

General purpose attribute codes. Out- 
puts which are enabled by the general 
purpose field attribute codes. 

Highlight. Output signal used to Intensi- 
fy the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 

Interrupt request. 

Character clock {from dot/timing logic). 

Character codes. Output from the row 
buffers used for character selection in 
the character generator. 



Chip select^ The read and write are en- 
abled by CS. 

Port address. A high input on Aq selects 
the "C" port or command registers and a 
low input selects the "P" port or param- 
eter registers. 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer Is used to interface 
the 8275 tei^ $yMm Bus. 

This functional block accepts Inputs from the System Con- 
trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats for the 
device functiontf-dsfinitien. 



Ao 


OPERATION 


REGISTER 





Read 


PREG 





Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



RD (Read) 

A "low" on thi^^ input informs the 8275 that the CPU is 
reading dMBittitlatUfijfflformation from the 8275. 

WR (Write) 

A "low" on this input informs the 8275 that the CPU is 
writing data or control words to the 8275. 

CS (Chip Select) 

A "low" on this input selects the 8275. No reading or writ- 
ing will occur unless the device is selected. Whe n CS is high, 
the Data Bus in the float state and RD and WR will have no 
effect on the chip. 

DRQ (DMA Request) 

A "high" on this output informs the DIWA Controder that 
the 8275 desires a DMA transfer. 



DACK (DMA Acknowledge) 

A "low" on this Input infemts the 8275 that a DMA cycle 

Is In progress. 

IRQ (Interrupt RequesQ 

A "high" on tNiii ou^t Informs #ie CPU that the 8275 
desires intetrtls^ sjirviee^ 



DATA ^ . 

BUS C3 
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CHAftACTER 
COUNTgR 








(2) 80 6 
ftOW BUFFERS 




\\ 
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CONTROL- 
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Figure 1. 8275 Block Diagram Showing Data Bus Buffer 
and RsadAWrlte Functions 
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Character Counter 

The Character Counter is a programmable counter that is 
used to determine the number of characters to be displayed 
per row and the length of the horizontal retrace interval. It 
is driven by the CCLK (Character Clock) input, whicl^ 
should be a derivative of the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 

Ron* Countor 

The Row Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace Interval. 

Light Pen Registers 

The Light Pen Registers are two registsrs that store the con- 
tents of the character counter and the row counter when- 
ever there Is a asi,ngiedge on the U^tt (Light Pen) input. 

Note: Software correction is required. 

Raster Timing and Video Controls 

The Raster Timing circuitry controls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs. The Video Control circuitry controls the genera- 
tion of LAo_i (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAo-i (General Puf^M^MffiMg) outputs. 

Row Buffers 

The Row Buffers are two 80 character buffers. They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 




Figure 2. 8275 Block Diagram Showing Counter and 
RegisteiEiFiiiM^ns 



FIFOs 

There are two 16 character FIFOs in the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 

Buffer Input/Output Controllers 

The Buffer Input/Output Controllers decode the characters 

being placed in the row buffers. If the character is a charac- 
ter attribute, field attribute or special code, these con- 
trollers control the appropriate action. (Examples: An 
"End of Screen— Stop DMA" special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer Output 
Controller to activaCvtliei ttSLT output.) 



The 8275 is programmable to a large number of different 
display formats. It provides raster timing, display row buf- 
fering, visual attribute decoding, cursor timing, and light 
pen detection. 



It is designed to interface with the 8257 DMA Controller 
and standard character generator ROMs for dot matrix 
decoding. Dot level timing must be provided by external 
circuitry. 



MEMORtES 



SYSTEM BUS 



DBq 7 
MEIVIR 

low 

MEMW 
lOR 

CS 

HRQ 

HACK 



8257 
DMA 
CONTROLLER 



AO 

DBo_7 
WR 

re 

C5 
IRQ 



DACK 



8275 
CRT 
CONTROLLER 



LCo-3 



CCo_6 



CHARACTER 
GENERATOR 



VIDEO CONTROLS 



DOT 
TIMING 
AND 
INTERFACE 



VIDEO SIGNAL 



HORIZONTAL SYNC 



VERTICAL SYNC 



INTENSITY 



Figure 3. 827S Sjistof^ ^i^. Dia^m Sbovirtng Systems Operation 
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General Systems Operational Description 

The 8275 prQvjdes a "window" into the microcomputer 
system memory^ 

Display characters are retrieved from memory and dis- 
played on a row by row basis. The 8.275 has two row buf- 
fers. While one row buffer is being used for display, the 
other is being filled with the next roiA/ of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro- 
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 

The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 

The 8275 displays character rows one line at a time. 



The number of lines per character row, the underline posi- 
tion, and blanking of top and bottom lines are program- 
mable. (See Programming Section.) 

The 8275 provides special Control Codes which can be used 
to minimize DMA or software overhead. It also provides 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 

(see Visual Attributes Section). 

The 8275 also controls raster timing. This is done by gen- 
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals Is program- 
mable. 

The 8275 can generate a cursor. Cursor location and format 

are programmable. (See Programming Section.) 

The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 

□qanaaaaBDaaDBaDaB 

First Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 

□□■■■■□□canDDDaDDBa 

Second Lihd of a Character Row 

1st 2nd Srd 4th Sth 6th 7th 

Character Character Character Character Character Character Character 

□□■■■■□[^□■□□□□■□□■■■•■apaDDaODaBBBBODDDBBHDDaBDDDBa 

IDDOODODDDDDnOBQPOHOdBDQOBDDBDODBO 

Third Line of a Character Row 



1st 2nd 3rd 4th Sth 6th 7th 

Character Character Character Ciuracter Character Cliaracter Character 

□ □■■■■□□□■□□□□■□DBBBB 



Seventh Line of a Character Row 



Rgure 4. Display of a Cfiaracter Raw 
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Display Row Buffering 

Before the start of a frame, the 8275 requests DMA and 
one row buffer is filled with characters. 



After all the lines of the character row are scanned, the 
roles of the two row buffers are reversed and UiS same 
procedure is followed for the next row. 
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Figure 5. First Row Buffer Filled 

When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneous(y„.DMA begins filling thje ottier 
row buffer wi#l the fusxt row of characters. „ 
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Figure 7. First Buffer Filled with Tliird Row, 
Second Row Displayed 



Tf>js is repeated until all of the cliaracter rows are dis- 
played? ■ 
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Figure 6. Second Buffer Filled, Firait Row Displayed 
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Display FimM 



Screen Format 



The 8275 can be programmed to generate from 1 to 80 
ai^'fi^ 1 to 64 rows per frame. 




Figure 8. Serine Format 



The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 




Figure 9. Btimk iilt«t>n«»9 flows fMe 



Row Format 

The 8275 is designed to hold the line count stable while 
outputting the appropriate character codes during each 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 

The number of lines (horizontal swenps). psr #iaraeitef row 
is programmable from 1 to 16. v 

The output of the line counter can be programmed to be in 
one of two modes. 

In mode 0, the output of the line counter is the same as the 
line number. 

In mode 1, the line counter is offset by one from the line 
number. 

Note: In mode 1, while the first line (line number 0) is being dis- 
played, the last eount is output" by *^, ilBiig seosBjisr teas 
examples). ' ' 
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Figure 10. Exampie of a 16-Line Format 
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Figure 11. Exampie of a 10-Line Format 



Mode is useful for character generators that leave address 
zero blank and start at address 1 . Mode 1 is useful for char- 
acter generators which start at address zero. 



oer to 15). This is independent of the line counter mode. 

If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 



tins Line 
Line Counter Counter 

Number Mode Mode 1 

10 11 
0000 
1 
00 10 
00 11 
100 
10 1 
110 
111 
1000 
10 01 
1010 



Dot width and character width are dependent upon the 
external timing and control circuitry. 

Dot level timing circuitry should be designed to accept the 
parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 
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Figure 14. Typical Dot Level Block Diagram 
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Top and Bottom 
Lines are Blanked 



Figure 12. Underline fn Uln Number 10 



If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. 
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Dot width is a function of dot clock frequency. 

Character width is a function of the character generator 
width. 

Hofizorital character spaping is a function of the shift 
register length. 

Note: Video control and timing signals must be synchronized with 
the video signal due to the character generator access delay. 



Top and Bottom 

Lines are not Blanked 



Figure 13. Underline in Line Number 7 



If the line number of the underline is greiiter than the maxi- 
mum number of lines, the underline will not appear. 
Blanking is accomplished by the VSP (Video Suppression) 
signal. Underline is accomplished by the LTEN (Light 
Enable) signal. 
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Raster Timing 

The character counter is driven by the character clocl< input 
(CCLK). It counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it starts counting out the hori- 
zontal retrace Interval (programmable from 2 to 32). This 
is constantly repeated. 



The row counter is an internal counter driven by the line 
counter. It controls the functions of the row buffers and 
counts the number of character rows displayed. 



ONE CHARACTER ROW 






PRESENT ROW 



PROGRAMMABLE 1 TO 16 
LINE COUNTS 




Figure 16. Row Timing 



After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), It starts counting out the 
vertical retrace Interval (programmable from 1 to 4). 



Figure 15. Un« liming 



The line counter is driven by the character counter. It is 
used to generate the line address outputs (LCg j) for the 
character generator. After it counts a'l of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For- 
mat Section for detailed description of Line Counter 
functions.) 



INTERNAL 
ROW COUNTER 



CIDCT ' ' 1 ACT EIDCT ' ' I AttT 



DISPLAV ntli^SeE HETBACE 

ROW rMi row 



■A. 



Figure 17. Frame Timing 



The Video Suppression Output (VSP) is active ^uriifig 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize =^698 outputs 
with the vicjeo signal to the CRT Display. 
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DMA Timing 

The 8275 can '^H>n^n<(^<l to request burst DMA trans- 
fers of 1 to'8«haiaciB t >;'T1te interval between bursts is also 
programnnable {frarajQ to :$5.character clock periods ±1). 
This allows the-iis^ to tailor hi? DMA overhead to fit his 
system needs. ' 



interrupt Timing (»<iv>i»tT i»- li 

The 8276 can be programmed to generate an interrupt 
request at the end of each frame. This can be used to > 
reinitialize the DMA controller. If the 8275 interrupt 
enable flag is set, an interrupt requ^ will occur at the 
beginning of the last display row. 



The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DIVI.'X requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until tiHttOthsr bulfer is filled. 



If, for any reason, there is a DMA underrun, a flag in the 
status morct Will' b« set. 



INTERNAL 
ROW 
COUNTER 



~ ~ LAST FIRST 



Figure 19. Beginrilng of IntwniprRWIMsar- 
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Figure 18. DMA Timing 



IRQ will go inactive after the status register is read. 

-i lA ■ 



Figure 20. End of interrupt Request 



The DMA coindUer is typically initialized for the next 
frame at the end ©f the current frame; 



A reset command will also cause IRQ to go inaeftfe, liut 
this is not recommended during normal service. 

Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 

Note: Upon power-up, the 8275 Interrupt Enable Flag nnay be set. 
As a result, the user's cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 
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VISUAL ATTRIBUTES AHH^ECIAL 
CODES 



The characters processed by the 8275 are 8-bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB = 1). 

There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 



Character Attribute Codes 

Character attribute codes are codes that can be used to gen- 
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LAo_i), the Video Suppression 
output (VSP), and the Light Enable output. The dot level 
timing circuitry can use tti^f signpls to generate the proper 
symbols. 

Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 

Character Attributes — 

MSB LSB 
1 1 C C C C B H 

~n L HIGHLIGHT 

I BLINK 

I CHARACTER ATTRIBUT|i;#iOi 




HIGHLIGHT 



Figure 21. Typical Charai^er Attribute Logic 
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'Character Attribute Code 1011 is not recommended for Character Attribute Codes 1101, 1110, and 1111 are illegal, 
normal operation. Since none of the attribute outputs are 

active, the character Generator will not be disabled, and Blinkmg is active when B - 1. 

an Indeterminate character will be generated. Highlight is active when H = 1 . 
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Spectal Codas 

Four special codes are available to help reduce memory, 
software, or DMA overhead. 

Special ContM<0M»^9f^ . - 



MSB 
1 1 



•J.,,, .ifl^ 0; jS S 



S S 





1 

1 

1 1 



FUNCTION 



End of Row 

End of Row-Stop DMA 

p.f Screen 
End W Screen-Stop DMA 



The End of Row Code (00) activates VSP and holds it to 
the end of the line. 

The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
same way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds it to 

the end of the frame. 

The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It effects the display in 
the same way as the End of Screen Code (10). 

If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of ,S«:reen character are ignored. 



Field Attributes 

The field attributes are control codes which affect the 
visual characteristics for a field of characters, starting at the 
character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertjG# retr^e 'mtsrval. 

There are six field Sttrrbutes; 

1. Blink — Characters following the code are caused 
to blink by activating the Video Suppression out- 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 

3. Reverse Video — Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

S,€. General Purpose — There are two additional 8275 
outputs which act as general purpose, independ- 
ently programmable field attributes. GPAg_^ are 
active high outputs. 

Field Attribute Code 



MSB 
1 O 



LSB 

f 1- 



-HIGHLIGHT 
-BLINK 

-GENERAL PURPOSE 
- REVERSE VIDEO 
-UNDERLINE 



If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read, in this situation, a dummy character must be placed in 
mempf^.aftsr the Stop BMA chawwler. 



H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPAi, GPAq 
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The 8275 can be programmed to provide visible or invisible 

field attribute characters. 

If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video SitppressiQn ostput (VSP). The chosen visual 
attributes ape aeMvated afteittMsblanted charsctBr. . '' 




Each row buffer has a corresponding FIFO. These PIFOs 
are 16 characters by 7 bits in size. 

When a field attribute is placed in the row buffer during 
DMA, the buffer input controller recognizes it and places 
the next character in the proper FIFO. ' 

When a field attribute is placed in the Buffer Output Con- 
troller during display. It causes the controller to immedi- 
ately put a character from the FIFO on the Character Code 
outputs (CCo_g). The chosen Visual Attributes are also 

activated. 

Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 

Nots: Since the F1P0 is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 

Code must not immediately follovu a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 



Figure 22. Example of the Visible Field Attribute Mode 
(Undartine Attribute) 



If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 
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Figure 24. Example of the Imrisible Field Attribute 
Mode (Underlitie Attribuh^ 



Figure 23. Bio^ Diagram Stiowing FIFO Activation 



Field and Character Attribute Interaction 

Character Attribute Symbols are affected by the Reverse 
Video (RRV) and General Purpose (GPAo_i) field attri- 
butes. They are not affected by Underline, Blinl< or High- 
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 

The cursor location is determined by a cursor row register 
and a character position register which are loaded by com- 
mand to the controller. The cursor can be programmed to 
appear on the display as : 

1. a blinking underline 

2. a blinlcing reverse video blocl( 

3. a non-blinl(ing underline 

4. a non-blinl<ing reverse video block 

The cursor blinking frequency is equal to the i^een refresh 
frequency divided by 16. 

If a non-btini^ng reverse video cursor appears In a non- 
blinking reverse video field, the cursipr Mdtl SP^sac es a 
normal video block. 

If a non-blinking underline cursor appears in a n^n%lillFlkir^ 
underline field, the cursor will not be visible. 

Light Pen Detection 

A light pen consists of a micro switch and a tiny light 
sensor. When the lightpen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. , -• -;j f . 

If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word ii set, indicating that 
the light pen signal was detected. The LPEN input must be 
a to 1 transition for proper operation. 

Note: Due to interna) and external delays, the character position 
coordinate will tjb Of? by at least three character positions. 
This has to be corrected in xAtmfg^. , 



Device Programming 

The 8275 has two programming registers, the Command 
Register (CREG) and the Parameter Register (PREG). It 
also has a Status Register (SREG). The Conipand (Register 
can only be written into and the Status Regi^ers .^pn only 
be read from. They are addressed as follows: 



Ao 


OPERATION 


REGISTER 





Read 


PREG 





Write 


PREiS 


1 


Read 


SREG 


1 


Write 


CREG 



The 8275 expects to receive a commsnd and a sequence 
of to 4 parameters, de^p^ujing on, command. If the 
proper number of paramefeir bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 

Instruction Set 

The 8275 instruction set consists of 8 commands. 



COMMAND 


NO. OF PARAMETER BYTES 


Reset 


4 ■' 


Start Display 





Stop Display 




Read Usht Pen 


2 


Load Cursor 


2 


Enable Interrupt 


■ (0 


Disable Interrupt 




Preset Counters 





In addition, the status of the 8275 (SRi€^ C9n bg read by 
the CPU at any tinne. 













Command 


Write 


1 


Reset Command 


00000000 


Parameters 


Write 





Screen Comp 
Byte 1 


e 1_J l_J 1 J LI (I LI LI 

annnnnnn 


Write 





Screen Comp 
Byte 2 


VVRRRHRR 


Write 





Screen Comp 
Byte 3 


UUUULLLL 


Write 





Screen Comp 
Byte 4 


MFCCZZZZ 



Action — After the reset command is written, DIVIA re- 
quests stop, 8275 interrupts are disabled, and the VSP 
output is used tp blaijfc the screen. HRTC and VRTC con- 
tinue to rufii W!RT& and VRTC "Hming are random on 
power-up. 

As parameters are written, the screen composition is 

defined. ' 

I ... 

Parameter — S Spaced Rows 

FUNCTIONS 



Normal Rows 
Spaced Ft^m 



Parameter - HI-IHHHHH Horizontal Characters/Row 



H 


H 


H 


H 


H 


H 


H 


NO. OF CHARACTERS 
PER ROW 











9 


■b 








1 




















1 


2 

















1 





3 



1111 





80 
Undefined 































1 













1 




2 










1 







3 





16 



Parameter — LLLL Number of Lines per Character Row 



L L L L 




1 
10 



NO. OF LINES/ROW 



Parameter — IVI 
M 



Line Counter IVIode 
LINE COUNTER MODE 



Mode (Non-Offset) 
Mode 1 (Offset by 1 Count) 



Parameter - 

F 



Field Attribute Mode 
FIELD ATTRIBUTE IVIODE 



Transparent 
Non-Transparent 



1111111 



Parameter - W Vertical Bietrace Row Count 



V V 





1 

1 

1 1 



NO. cm ROW COUNTS PER VRTC 



Parameter - RRRRRR Vertical Rows/Frame 



R R R R R R 



NO. OF ROWS/FRAME 



Parameter — CC Cursor Format 



c 


c 


CURSOR FORMAT 








Blinking reverse video block 





1 


Blinking underline 


1 





Nonblinking reverse video block 


1 


1 


Nonbtinking underling 



Parameter — ZZZZ Horizontal Retrace Count 

z z z z 





1 
10 



NO. OF CHARACTER 
COUNTS PER HRTC 



32 



111111 



64 



Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, = not blanked). 
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2. Start Display Command: 



5. Load Cursor Position: 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


1 S S S B B 


No parameters 









SSS BURST SPACE CODE 



s 


s 


s 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 




















1 


- 7 





1 





15 





1 


1 


23 


1 








. 31 


1 





1 


39 


1 


1 





47 


1 


1 


1 


55 






B B BURST COUNT CODE 




B 


B 


NO. OF DMA CYCLES PER 
BURST 










1 







1 


2 




1 





4 




1 


1 


8 



Action — 8275 interrupts are enabled, DMA requests begin, 
videoMs enabled. Interrupt Enable and Video Enable status 
flags are set. 

3. Stop Display Command: 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Stop Display 


1 


No parameters 









Action — Disables video, interrupts remain enabled, HRTC 
and VRTC continue to run. Video Enable status flag is 
reset, and the "Start Display" command must be given to 
re-enable the display. 

4. Read Light Pen Command 





OPERATION 


Ac 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Read Light Pen 


1 1 


Parameters 


Read 
Read 






Char. Number 
Row Number 


(Char. Position in Row) 
(Row Number) 



Action — The 8275 is conditioned to supply the contents 
of the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not af- 
fected. 

Nots: Software correction of I'^i pen position is required. 





OPERATIOItf 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Load Cursor 


1 


Parameters 


Write 
Write 






Char. Number 

Row Number 


(Char. Position in Row) 
(Row Number) 



Action — The 8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. Status 
flags not affected. 



6. Enable Interrupt Command: 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


1 1 


No parameters 









Action — The interrupt enable status flag is set and inter- 
rupts are enabled. 



7. Disable Interrupt Command: 











DATA BUS 




OPERATION 


Ao 


DESCRIPTION 


MSB LSB 


Command 


Write 


1 


Disable Interrupt 


1 1 


No parameters 








Action 


- Interrupts ar 


i disabled and the interrupt enable 


status fl 


sg is reset. 








8. Preset Counters Command: 












DATA BUS 




OPERATION 


Ao 


DESCRIPTION 


MSB LSB 


Command 


Write 


1 


Preset Counters 


1 1 1 


No parameters 









Action — The internal timing counters are preset, corre- 
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 

This command is useful for system debug and synchroniza- 
tion of clustered CRT displays on a single CPU. 



1-1?3 



8275 



Status Flags 





OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Read 


1 


Status Word 


IE IR LP IC VE OU FO 



IE — (Interrupt Enable) Set or reset by command. It 
enables vertical retrace interrupt. It is auto- 
matically set by a "Start Display" command 
and reset^wKli tile "Reset" command. 

I R — (tetBTfsilpt ft^uest) This flag is set at tlie begin- 
nim of display of the last row of the frame If 
'Me lintcnrupt enable flag is set. It Is reset after 
a Status read operation. 

LP - This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This flag is automatically reset after a 
status read. 



IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 

VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

DU — (DWA Underrun) This flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status read. 

FO — (FIFO Overrun) This flag is set whenever the 
FIFO Is overrun. It is reset on a status read. 
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ABSOLUIl MAXIMUM RAliDi@S* 

Ambient Tetn^cature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On A«/ISft ■: 

With Respect to Ground T -0.5V to +7V 

Power Dissipation 1 Watt 



D.C. CHARACTERISTICS 

Ta = 0°C to TB'C; Vcc = 5V ±5% 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


VlL 


inpstt Lew Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc+0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL= 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400 //A 


hu 


Input Load Current 




±10 


ma 


V|N = Vcc toOV 


'OFL 


Output Float Leakage 




±10 


MA 


VouT = Vcc to OV ^ ■ 


Ice 


Vcc Supply Current 




160 


mA 





CAPACITANCE 

Ta = 25°C; Vcc = 61*® <W 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 




Input Capacitance 




10 


pF 


fc= 1 MHz 


C|/0 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to Vgs- 



I 



*COMMBNT: Stresses above those listed under "Aiasotute 
mum Ratings" may cause permanent damage to the device^';Tfii».is 
stress rating only and functional operation of the device at t^jse-'^^ 
any other conditions above those indicated in the operational^c-*^ 
tions of this specification is not implied. 



Bus Parameters (Mot» t) 
Read Cycle: 



aYMISUL 


DAD Ah/ICTC19 

r AnAlvIc 1 cn 


IvIliM. 


HA A V 

IVIAA. 


1 IMITC 
UIMI 1 O 


Tcex f*r*iur»iTioMC ''Zi 
1 bo 1 uUlvUI 1 lUIMo ca ^ 


tAR 


Arlrlraee C+aKIa Rafnra RPAD 
MuUicSS Olduie DcTOic nCMU 






ns 




tRA 


Address Hold Time for READ 







ns 




tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




200 


ns 


Cl=150pF 


tDF 


READ to Data Floating 


20 


100 


ns 




Write Cycle: 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tAW 


Address Stable Before WRITE 







ns 




tWA 


Address Hold Time for WRITE 







ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Setup Time for WRITE 


150 




ns 




twD 


Data Hold Time for WRITE 







ns 




Clock Timing: 


SYMBOL 


PARAIVIETER 


IVIIN. 


MAX. 


UNITS 


TEST CONDITIONS 


■tCLK 


Clock Period 


320 




ns 




tKH 


Clock High 


120 




ns 




tKL 


Clock Low 


120 




ns 




tKR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 


ns 





Notel: AC timinss measured at VoH ~ 2 Vql = "'S 



Write Timing 



Aq.cs invalid j 



DBo_7 INVALID 



^ VALID INVALID 



Read Timing 











VALID 


k 


<AR|- 


r — — *i 


'RA 








1 


*-*RD — • 




X^%HIGH IMPEDANCE 


DATAVAL 


D ^^^HIGH^i^ 
%IMPEDANCE> 









Clock Timing 



Input Waveforms (For A.C. Tests) 



■ TEST POINTS . 



5C 



1-176 



8275 



other Timing: 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS^ 


tec 


Character Code Output Delay 




150 


ns 


^7— 

Cl= 50pF 


tHR 


Horizontal Retrace Output Delay 




150 


ns 


Cl = 50 pF 


tLC 


Line Count Output Delay 




250 


ns 


Cl=50pF 


tAT 


Control/Attribute Output Delay 




250 


ns 


Cl=50pF • 


tVR 


Vertioal Retrace Om^t Delay 




250 


ns 


Cl=50pF 


t|R 


IRQt from CCLK4 




250 


ns 


Cl= 50pF 


tRI 


IRQj from Rdt 




250 


ns 


Cl= 50 pF 


tKQ 


DRQt from CCLW 




250 


ns 


Cl = 50pF 


two 


DROt from WRt 




250 


ns 


Cl= 50 pF 


tRQ 


DRQi from WRi 




250 


ns 


Cl= 50 pF 


tLR 


dack; to WRI 







ns 




tRL 


WRt to DACKt 







ns 




tPR 


LPEN Rise 




50 


ns 






LPEN Hold 


100 




ns 





Not»5 'Bmieij m^»iireiinents are made lettlW Wtorn'mg reference voltages: Output "1" = 2.0V. "0" = 0.8V. 



WAVEFORMS 



' JinJiJiJ¥injuinjiJirmjiJirm_ 



1 



cco-e 



fimT CHARACTER CODE 



X 



KGOND GHARMH'Efl CODE. 



- RO^? ACCESS- 



CHARACTER 
GENERATOR 
OUTPUT 



X 



X 



ATTRIBUTES 

& CONTROLS ^ 



FIRST CHARACTER 



X 



SECOND CHARttCf CM 



ATTRIBUTES a CONTROLS FOR FIRST CHAR. 



SHIFT MW^IP^tUP- 



X 



VIDEO 
(FMOMSHIFT, 
REGISTER) 



ATTRIBUTES 
arC0NTR01.S 
(FROM 
SYNCHRONIZER) 



X 



DCXXXXXXXXXXXX 



X 



FIRST CHARACTER 



ATTRtBUTES & CONTROLS FOR FIRST CHAR. 



SECOND CHARACTER 

ATTRIBUTCSt eeMrROLS 
FOR* ' 



•CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 



Figure 25. tjfiileal tm Uwl tlMMi 
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~ \.l FIBSr \/ SECOMO \/ \/ 

X DISPUVY Y DISPLAY Y X 
_ /■ tCHABACTER/\CHARACTER/ \ 1 1— /V 



VIDEO 
CONTROLS 
AND ATTRIBUTES • 



LAST 
DISPLAY 
.CHARACTER, 



-PROGRAMMABLE FROM 1 TO 80 CHARACTERS- 



A£H&Bfi£IIB/N i,)—^ 



LAST 
RETRACE 
CHARACTEf 



J 



- PROGRAMMABLE FROM 2 TO 32 CCLKS - 



PRESENT LINECOUtsrr 



NEXT LINE COUNT 



•LAo-1. VSP. LTEN. HGLT. RVV.ePAo-l 



X 




LC0_3 



X FIRST LINE \/sECOND LINE^ X/uAST LIN 

COUNT ^ COUNT ^ , /\ 



INTERNAL 

ROW LAST ROW 
COUNTER 



-PROGRAMMABLE FROM 1 TO 16 LINES- 




PRESENT ROW 



X 



Figure 27- Row Timing 



INTERNAL 
ROW 
COUNTER 



— r\/ Fiftst \/ &^t6hib \/ — — \/ 

X DISPLAY Y DISPLAY Y Y ' 

/\ qgyy A wvy /N A. 



L^ 
DISPLAY 

asm. 



-PROGRAMMABLE FROM 1 TO 64 ROWS - 



A ROW A A 



LAST 
RETRACE 
ROW 



■ "VH 

_PROORAMMABLE FROM_ 
1T04R0WS 



Figure 28. FnMeTimlng 
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8275 



.A 



INTERNAL 
ROW 
COUNTER , 



FIRST LfNE COUNT 



V 



LAST DISPLAY ROW 



v.. 




7^ 



Figure 30. DMA Timing 



8278 

PIOSRAMMABLE KEYBOARD INTERFACE 



■ Simultaneous Keyboard and Display 
Operations 

■ interface Signals for Contract and 
Capacitive Coupled Keyboards 

■ 128-Key Scanning Logic 

■ 10.7 msec Matrix Scan Time for 128 
Keys and 6 MHi Clocic 

■ 8-Character li«yl^oard FIWO 



u N-Key Rollover with Programmable 
Error Mode on Multiple New Closures 

■ 16- or 18-Character 7-Segment Display 
Interface 

■ Right or Left Entry Display RAM 

■ Depress/Release Mode Programmable 

■ Interrupt Output on Key Entry 



The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit 
microprocessors such the MDS-80^^ and MCS-SS^*^. The keyboard portion can provide a scanned interface to 
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and 
programmable error generation on multiple new key closures. Keyboard entries are stored in an 
8-character FIFO with overrun s':atus indication when more than 8 characters are entered. Key entries set 
an interrupt request output to the master CPU. 

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other 
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a 
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en- 
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto- 
increment of the display RAM address. 



PIN CONFIGURATilili 



PIN NAMES 



BLOCK DIAGRAM 





1 


40 


3Vcc 




2 


39 


H CLR 


X2i: 


3 


38 


JB3 


RESET C 


4 


37 


IB2 


NCC 


5 


36 


Db, 


cs C 


6 


35 


Hbo 


GND L 


7 


34 


□ kcl 


RD C 


8 


33 


3 Me 


A.C 


9 


32 


□ M5 


wrL 


8278 


31 


3", 


SVNCC 


11 


30 


J "3 




12 


29 


JK2 


Dii: 


13 


28 


Dm, 




14 


27 


Dm„ 


OiC 


15 


26 


Dvdd 


D,C 


16 


26 


3nc 


DsC 


17 


24 


3 ERROR 


D.i: 


18 


23 


DiRQ 




19 


22 


Dhvs 


qndC 


20 


21 





D7-D0 


DATA BUS 


rd.Wr 


READ, WRITE STROBES 


cs 


CHIP SELECT 


AO 


CONTROL/DATA SELECT 


reset 


RESET INPUT 


Xi.Xj 


FREQ. REFERENCE INPUT 


SYNC 


HIGH FREQUENCY OUTPUT 




CLOCK 


RL 


KEYBOARD RETURN LINE 


CLR 


CLEAR ERROR 


KCL 


KEY CLOCK 




MATRIX SCAN LINES 


B3-B0 


DISPLAY OUTPUTS 


ERROR 


ERROR SIGNAL 


IRQ 


INTERRUPT REQUEST 


HYS 


HYSTERESIS 


BP 


TONE ENABLE 



1<X) 



DATA 
BUS 
BUFFER 
REGISTER 



INTERRUPT 
REQUEST ^ 



X,— 



CO 



- HYSTERESIS 
KEY CLOCK 

^SYNC 
{400 KHz) 



' TONE ENABLE 

- ERROR OUTPUT 

- CLEAR INPUT 



C 1 p DISPLAY 
BUFFER 



® Intel Corporation, 197% 
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February. 1978 
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PIN DESCRIPTION 

The 8278 is packaged in a 40-pin DIP. The following is a 
brief functioM desaitlptan of each pin. 



Signal 



Pin No. 



Description 



D0-D7 
WR 

RD 

CS 
Ao 

RESET 
Xi, X2 

IRQ 
Mo- Me 



RL 



HYS 



KCL 



SYNC 



B0-B3 



2,3 



12-19 Three-state, bi-directional data bus 
lines used to transfer data and com- 
mands between the CPU and the 
8278. 

10 Write strobe which enables the nnas- 
ter CPU to write data and com- 
mands between the CPU and the 
8278. 

8 He^d strobe which enables the mas- 
ter 6pu to read data and status from 
the 8278 internal registers. 

6 Chip select input used to enable 
reading and writing to the 8278. 

9 Addiess inpul used by the GPU ttp 
(ndleate cortt»i or data. 

4 A low signal on this pin resets the 
8278. 

Inputs for crystal, L-C or external 
timing signal to determine internal 
oscillator frequency. 

ilnterrmpt Request Output to the 
T rfiaster'CPU. In the keyboard mode 
the IRQ line goes low with each 
FIFO read and returns high if there 
is still information in the FIFO or an 
ERROR has occurred. 

Matrix scan outputs. These out- 
puts control a decoder which scans 
the key matrix columns and the 16 
display digits. Also, the Matrix scan 
outputs are used to multiplex the 
return lines from the key matrix. 

i input from the multiplexer which in- 
dicates whether the key currently 
being scanned is closed. 

22 Hysteresis output to the analog de- 
tector. (Capacitive keyboard config- 
uration). A "0" means the key cur- 
rently being scanned has already 
beeft recorded. 

^ K^' elGCk output to the analog de- 
%0t@ir {capacitive keyboard config- 
uration) used to reset the detector 

before scanninci a key. 

11 High frequency (400 KHz) output 
signal used in the key scan to detect 
a closed key (capacitive keyboard 
configuration). 

35-38 These four lines contaifi binary 
coded decimal display (nformatJofl 
synchronized to the keyboard col- 

I umn scan. The outputs are for 

multiplexed digital displays. 



27-33 



Signal 



Pin No. 



Description 



ERROR 24 Error signal. This line is high when- 

ever two new key closures are de- 
tected during a single scan or when 
too many characters are entered 
into the keyboard FIFO. It is reset by 
a system RESET pulse or by a "1" 
input on the CLR pin or by the 
CLEAR ERROR command. 

CLR 39 Input used to clear an ERROR con- 

dition in the 8278. 

BP 21 Tone enable output. This line is high 

for 10ms following a valid key 
closure; it is set high and remains 
high during an ERROR condition. 

Vcc. Vdd '4^,m +5 volt power input: +5\/± 10%. 

GND 20,7 Signal ground. 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
Programmable Keyboard/Display interface device. Refer 
to the bioOk diagram in Figure 1. 

I/O Control and Data Buffers 

The I/O control section uses the CS, Ao, RD, and WR lines 
to control data flow to and from the various internal 
registers and buffers (see Table 1). All data flow to and 
from the 8278 is enabled by CS. The 8-bits of information 
being transferred by the CPU is identified by Ao. A logic 
one means information is command or statu s. A logic zero 
means the information is data. RD and WR determine the 
direction of data flow through the Data Bus Buffer (DBB). 
The DBB register is a bi-directional 8-bit buffer register 
which connects the internal 8278 bus buffer registerto the 
external bus. When the chip is not selected (CS = 1) the 
DBB is in the hig h im pedance state. The DBB acts as an 
input when (RD, WR, CS) = (1,0, 0) and an output when 
(RD,WR,CS).= (0,1,0). 



CS 


Ao 


WR 


RD 


Condition 








1 





Read DBB Data 





1 


1 





Read STATUS 











1 


Write Data to DBB 





1 





1 


Write Command to ©BB 


1 


X 


X 


X 


Disable 8278 Bus Is 
i-iigh Impedance 



Scan Counter 

The scan counter provides the timing to scan the 
keyboard and display. The four MSB's (Ms-Ms) scan the 
display digits and provide column scan to the keyboard via 
a 4 to 16 decoder. The three LSB's (M0-M2) are used to 
multiplex the. row retiirn lines into the 8278. 



8080, 8085 OR 8048 
MASTER 
PROCESSOR 



BP 


RL HYS 


ERROR 
CLR 


KCL 


IRQ 


(vio 




8278 


D0-D7 




WR 

RD 

Ao 


SYNC 
Me 


CS 

RESET 
B3. 


M3 

...Bo 



a OR 16 DIGIT DISPLAY 



CAPACITIVE 
KEYBOARD 
MATRIX 



16 DIGIT SCAN 



Figure 1. System Configuration for Capacitive-Coupled Keyboard 



Keyboard Debounce and Control 

The 8278 system configuration is shown in Figure 2. The 
rows of the matrix are scanned and the outputs are 
multiplexed by the 8278. When a key closure is detected, 
the debounce logic waits about 1 2 msec to check if the key 
remains closed. If it does.the address of the key in the 
matrix is transferred trtto ||^FO buffer. 



FIFO and FIFO Status 

The 8278 contains an 8X8 FIFO character buffer. Each 
new entry is written into a successive FIFO location and 
each is then read out in the order of entry. A FIFO status 
register keeps track of the number of characters in the 



FIFO and whether it is full or empty. Too many reads or 
key entries will be recognized as an error. The status can 
be read by 9 FVjp with CS low and Ao high. The status logic 
also provides a IRQ signal to the master processor 
whenever the FIFO is not empty. 

Display Address Registers and Display RAIM 

The Display Address registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
display RAM can be directly read by the CPU after the 
Correct mode and address is set. Data entry to the display 
can be set to either left or right entry. 



TO TONE GEtgERATOR 



ERROR 
CLR 



8278 



16 DIGIT SCAN 



CONTACT 
KEYBOARD 
MATRIX 



8 OR 16 DIGIT DISPLAY 



Figure 2. System Configuration fof'CoiitaGt Keyboard 

M82 
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8278 COMMANDS 

The 8278 operating mode is programmed by the master 
CPU using the Ao, WR, and D0-D7 inpiJtsassilWPt'WIHi!? 

^'1 ■'■-■'^ 

Aj.CS INVALID Y VALID Jf JISIVALID 



Where Al indicates Auto Increment and A3-A0 is the 
address of the next display character to be read out. 

;AM .. AUTO 'm00m0i$: ■ ■ \ O-^^ ■ ., 
Alr=0 no AUTO iHipiiWSm - m 

Write Display Command 



1 








Al 


A3 


A2 


Al 


Ao 



Do-Dj IMVfttIO 



VALIij' 



X 



The master CPU presents the proper command on the Do- 
D7 data lines with Ao=1 and then sends a WR pulse. The 
command is latched by the 8278 on the rising edge of the 
WR and is decoded internally to set the proper operating 

COMMAND SUMMARY 

Keyboard/Display Mode Set 






f 





N 


E 


1 


□ 





Where Al indicates Auto Increment and A3-A0 Is the 
address of the next displs^y eharacter to be wMf^ 

,561 ■ >.Bv , ...nr. 



Ilear/Bjiani( Coraii 



1 





1 


UD 


BD 


CD 


OF 


CE 



Where the command bits are defined as follow/s: 

CE = Clear ERf?OR - ri <.» i« ,. 1 

OF = Clear FIFO . ' 1. -.i.jt ' , 
CD = Clear Display to all High .,„ 

BD = Blank pisplayjfl all High .> /i^tuj :-t 
ub = Uhblank b(8pi(ay ' "• 

The display is cleared and blanked follovi^lng a Reset. 
8278 Status Read 

The status register in the 8278 can be read by the master 
CPU using the Ao, RD, and D0-D7 inputs as shown below: 



where the mode set bits are defined as follows: 



K — 

— 

1 — 



the keyboard mode select bit 
normal key entry mode 

special function mode: Entry on key closure and on 
fc^ FB las^ ''- - ' 

the display f ntry mode select bit 
left display entry, 
right display entry 

the interrupt request (IRQ) output enable bit. 
enable IBQ output 
disable IRQ output 

the error mode select bit 
error on multiple key depression 
no error on multiple key depress!^;. 

the number of display digits §fl|!^ .-jr m* '),.;■. 
16 display digits -r ^m.-noa ' 

8 displ?i^ fliglts 

NOTE: The defatiit rndde following a RESET to-put" 
is all bits zero: i_. 

i 'J'.-.: 



D — 



I 

1 

— 

1 — 

E — 

— 

1 — 

N — 

— 

1 — 



Ao.cS 



X 



XI 



\ 



/ 



The 8278 places 8-blts of status information on the D0-D7 
lines following (^,_^; SB ™ 1, ji O Jifilputs from the 
master. 



Status Format 







S3 


S2 


Si 


So 


B 


KE 


OBF 


IBF 


Read FIFO Command 




D7 


De 


Os 


D, 


D3 


D2 


Dl 


Do 



CODE 





1. 


A, 










a 




Read Display Command 


CODE 





1 


1 


Al 


A3 


A2 


Al 


Ao 



Where the status bits are defined gs jfeUoiXifs; . 

IBF = Input Buffer Full Flag 
OBF = Output Buffer Full Flag 
KE = Keyboard Error Flag (mujtlplf^depression) 
B = BUSY Flag . luoV:' 



S3-S0 = FIFO Status 



status Description 

The S3-S0 status bits indicate the nomberof entries(0to8) 
in the 8-level FIFO. A FIFO overrun will lockstatusat 111 1. 
The overrun condition will prevent further key entries until 
cleared. 

A multiple key closure error will set the KE flag and 
prevent further key entries until cleared. 

The IBF and OBF fl^s gjgnify the status of the 8278 data 
buffer registers used to transfer information (data, status 

or commands) to and from the master CPU. 

The IBF flag is set when the master CPU writes Data or 
Commands to the 8278. The IBF flag is cleared by the 8278 
during its response to the Data or Command. 

The OBF flag is set when the 8278 has output data ready 
for the master GPU. This flag is cleared by a master CPU 
Data READ. 

The Busy fl«Q in the Status register is used as a LOCK- 
OUT signal to the master processor during response to 

any command or data write from the master. 

The master must test the Busy flag before each read 
(during a sequeftca) to biB sure that the 8278 is ready with 
valid DATA. 

The ERROR and TONE outputs from the 8278 are set high 
for either type of error. Both types of error are cleared by 
the CLR input, by the CLEAR ERROR command, or by a 
reset. The FIFO and Display buffers are cleared 
independently of the Errors. 

FIFO status is used to indicate the number of characters in 
the FIFO and to indicate whether an error has occurred. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. The character read will be the 
last one entered. FIFO status will remain at 0000 and the 
error condition will not be set. 



Data Read Sequence 

Before reading data, the master CPU must send a 
command to select FIFO or Display data. Following the 
command, the master must read STATUS and test the 
BUSY flag and the OBF flag to verify that the 8278 has 
responded to the previous command. A typical DATA 
READ sequence is as follows: 



'J 



t I 



READ DISPLAY 
OR FIFO COMMAND 
FROM MASTER 



FIRST 
DATA BYTE 
READY 



MASTER 
READS DATA 



NEXT 

BYTE READY 
S278 

PROCESSING 
NEXT BYTE 



After the first read following a Read Display or Read FIFO 
command, successive reads may occur as soon as OBF 
rises. 

8278 Data Write 

The master CPU can write DATA to the 8278 Display 
buffers by using the Ao, WR and D0-D7 inputs as follows: 



Ao.CS INVALID 



X 



A f 



8278 Data Rrad 

The master CPU can read DATA from the 8278 FIFO or 
Display buffeii^iiiisiin&the Ao, RD, and D0-D7 inputs as 
follows: 



xz 



\ 



/ 



The master CPU presents the Data on the D0-D7 lines with 
Ao=0 and then sends a WR pul se. T he data is latched by 
the 8278 on the rising edge of WR. 

Data Write Sequence 

Before writing data to the 8278, the master CPU must first 
send a command to select the desired display entry mode 
and to specify the address of the next data byte. Following 
the commands, the master must read STATUS and test the 
BUSY flag (B) and IBF flag to verify that the 8278 has 
responded. A typical sequence is shown below: 



The master sends a RD pulse with Aci=0 and CS=0 and the 
8278 responds by outputing data on lines D0-D7. The data 
Is strobed by the trailing edge of RD. 



WRITE DISPLAY 
COMMAND 



1 I — i__r 



I I I i 



8278 MASTER 
READY DATA WRITE 
FOR FIRST BYTE 

COMMAND 
OR DATA 



8278 
READY 



8278 
READY 



MASTER WRITES 
NEXT BYTE 



1-184 



8278 



INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode 

With N-key rollover each key depression is treated 

independently from all others. When a key is depressed J 

the debounce logic waits for a full scan of 128 keys and 

then checks to see If the key is still down. If it is, the key is 

entered into «tt& fe|,pQ. ' ■ 




Figure 3. Keyboard Timing 



If two key closures occur during the same scan the 
ERROR output is set, the KE flag is set in the Status word, 
the TONE output is activated and I RQ is set, and no further 
inputs are accepted. This condition is cleared by a high 
signal on the CLEAR input or by a system RESET input or 
by the CLEAR ERROR command. 



In the special function mode both the key closure and the 
key release cause an entry to the FIFO. The release is 
entered with the MSB=1 . 

Any key entry triggers the TONE output for 10ms. 
The HYS and KCL outputs enable the analog multiplexer 
and detector to be synchronized for interface to capacitive 
coupled keyboards. 

— 



SCAN CYCLE 
IRQ 



BP 



KEY 1 

DERaessED 



KEY 1 
ENTERED 



KEY 1 

READ BY MASTER 



KEY 2 KEY 3 

DEPRESSEO DEPRESSED 



Figure 4. Key Entry and Error Timing 
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in the keyboard. The MSB is relevant only for special 
function keys in which code "0" signifies closure and "1" 
signifies release. The next four bits are the column count 
which indicates which column the key was found in. The 
last three Wts: are ftom the row counter. 

KEY CODING 



1 FOR SPECIAL FUNCTION 
-MODE AND KEY RELEASED 
FOR KEY DEI>RESSED 



Display 

Display data is entered into a 16x4 display register and 
nnay be entered f rorn Ifte from the right or into specific 
locations in the display register. A new data character is 
put out on B0-B3 each time the M6-l*^3 lines change (i.e., 
once every 0.75ms with a 6 MHz crystal): Data is blanked 
during the time the column select lines change by raising 
the display ou^uts. Output data is positive true. 

Left Entry 

The left entry mode is the simplest display format in that 
each display position in the display corresponds to a byte 
(or nibble) in the Display RAM. Address in the RAM is the 
left-most display character and address 15 is the right- 
most display character. Entering characters from position 
zero causes the display to fill from the left. The 17th 
character Is entered back in the left-most position and 
filling agstRiisvopap^ from there. 



display character. The next entry is also placed in the 
right-most character after the display is shifted left one 
character. The left-most character is shifted off the end 



and is lost. 














1 


2 


14 


15 


♦ 


1ST ENTRY 












1 




2 


3 


IS 





1 


2ND ENTRY 










1 


2 




3 


4 





1 


2 


3RD ENTRY 








1 


2 


3 







1 


13 


14 


IB 


16TH ENTRY 


1 


2 




14 


IS 


16 




1 


2 


14 


15 





17TH ENTRY 


2 


3 




15 


16 


17 




2 


3 


15 





1 


18TH ENTRY 


3 


4 




16 


17 


18 



DISPLAY 
-RAM 
ADDRESS 



Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
with sequential entry is recommended. A Clear Display 
command should be given before display data is entered if 
the number of data characters is not equal to 16 (or 8) in 
this mode. 



DISPLAY 
CHARACTER 



B0-B3 
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Figure 5. Display TMHig 
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Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears In the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address In t(|e t4ft Btttry — Auto Increment mode has no 
undesirable sitl^ effects and the result Is predictable: 
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ENTER NEXT AT LOCATION 5 AUTO INCREMENT 
1 2 3 4 5 6 7 

3RD ENTRY 



1 2 3 4 5 6 7 



In the Right Entry mode,. Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except that the address seefuence Is Interrupted: 
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4TH ENTRY 
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Starting at an aEbltrary location operates as shown below: 
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Entry appears to be from the initial entry point. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient TemperatureUnderBias .. .. 0°CtQ70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respectto Ground 0.5Vto+7\/ 

Power DissipatMfi 1 .5 Watt 



, i't- ' r ' ti i N'^... 

'COMMENT: Stresses above those tM$tli^n^r "Absolute 
Maximum Ratings" may cause permarfertt (Jfamage to the 
device. This is a stress rating only and (unoMaBaJ 
operation of the device at these or any other conditions, 
above those indicated in the operational section$,offthisi 
specification is not implied. Exposure to abso/jJte 
maximum rating conditions for extended periods nMy 
affect device reliability. 



D.C. CHARACTERISTICS 

Commercial: Ta = 0°C to 70° C; Vcc = +5V ± 5%; Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Units 


Condition 


ViL 


input Low Voltage (All Inputs 
Except Xi, X2 


-0.5 


0.8 


V 




VlHI 


Input Higti Voltage (All Inputs 
Except Xi, X2, RESET 


2.0 


Vcc 


V 




V|H2 


RESET Higti VoPtage 


3.0 


Vcc 


V 




VOLI 


Output Low Voltage (D0-D7) 




0.45 


V 


Iql = 2.0mA 


VOLZ 


Output Low Voltage (All 
Other Outputs) 




0.45 


V 


lOL = 1.6mA 


VOHI 


Output High Voltage (D0-D7) 


2.4 




V 


lOH = -AOOfiA 


V0H2 


Output High Voltage (All 
Other Outputs) 


2.4 




V 


lOH = -SOjuA 


ilL 


Input Leakage Current (All 
Inputs Except RESET) 




±10 




ViN = Vcc 


iOL 


Output Leakage Current (D0-D7) 




±10 


mA 


ViN = Vss + 0.45V or 
ViN = Vcc 


Idd + ice 


Total Supply Current 




135 


mA 


Vcc = 5.5V 


!□□ 


Vdd Supply Current 




25 


mA 


Vcc = 5.5V 


Ili 


Low Input Source Current (RESET) 




0.2 


mA 


ViL = 0.8V 



8278 CLOCK orriONS 




8278 



1-6 MHz 40Mh-130/ih EXTERNAL 

CRYSTAL INDUCTOR CLOCK 
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A.C. CHARACTERISTICS 



Symbol 


Parameter 


MIn. 


Max. 


Units 


1 % % 

conditio%f^ 


tAC 


.Address Ao) Setup to 
(RD. WR) : 







ns 


D0-D7, Cl = 160pF 


tCA 


Address Hold from Control 







ns 


tec 


Control Pulse Width 


250 




ns 


tow 


Data In Setup to WR T.E. 


150 




ns 


two 


Data in Hold After WR T.fe 







ns 


tRD 


RD L.E. to Data Out Valid 




150 


ns 


tDF 


to Data but Float 


10 


100 


ns 


tMCY 


Matrix Cycle Time 




10.7 


,1 inf 


With 6MHz Crystal 


tRV 


Recovery Time Between Reads 
and/or Writes 


1 









fir- 



'J 



WAVEFORMS 

Read Operation — Data Bus Buffer Register 

C3 0R Ao 




/ 



PATABMS 



> 



Write Operation •.^tQgtitiliis Buffer Regleter 



K 





-tec 

; 




'dw ^ 



V 



(READ CONTROL) 



(WRITE CONTROL) 
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8279/8279-5 ^ 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACW^ 



■ MCS-85™ Compatible 8279-5 

■ Simultaneous Keyboard Display 
Operations 

■ Scanned Keyboard Mode 

■ Scanned Sensor Mode 

■ Strobed Input Entry Mode 

■ 8-Character Keyboard FIFO 

■ 2-Key Lockout or N-Key Rollover with 
Contact Debounce 



■ Dual 8- or 16-Numerical Display 

■ Single 16-Character Display 

■ Right or Left Entry 16-Byte Display 
RAM 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 



The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned Interface to a 64-confact key matrix. The 
keyboard portion w/ill also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrlte variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than S-charaeters are entered^ ovemm-stattis is^t. -Key entries set the Interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alpnanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-Increment of the display RAM address. 



PIN CONFIGURATION 




PIN NAMES 



DBa.7 I I/O 1 DATA BUS (BI-DIRECTIONAL) 
CLK f 1 1 CLOCK INPUT " " 


RESET 1 ' RESET INPUT 


1 CHIP^LECT 


RD 


1 HEAD INPUT 


vvfi 


1 ■ WHITE INPUT 


Ao 
IRQ 
SLm 


1 WFFER ADDRESS 


O ! INTERRUPT REQUESTOUTPUT 


, SCAN LINES 


RLo.7 
SHIFT 


1 1 RETURN LINES 
~ 1 ■ SHIFT INPUT "~ " 


CNTL/STB 


t CO NTRo'l. STROBE INPUT 


OUT Ao.:- 


DISPLAY lAI OUTPUTS 


OUTBo,3 


I DISPLAY (81 OUTPUTS 


S5 1 1 BLANK DISPLAY OUTPUT 



CPU 

INt^FACE 



LOGIC SYMBOL 



IRQ RL0.7 



CLK OUTB03 



r 



> 



DISPLAY 
DATA 



c Intel Corporation. 1978 



February, 1978 



,lHl90 



821^9^9^5 



FUNCTIONAL DESCRIPTION 



Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface tinat can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 

The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeriq displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes Include: 

Input Modes 

• Scanned Keyboard — with encoded (8x8x4 key 
keyboard) or decoded (4x8x4 key keyboard) scan 
lines. A key depression generates a 6-bit encoding of 
key position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 



• Scanned Sensor Matrix — with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 

Output Modes 

• 8 or 16 character multiplexed displays that can be 
organized as dual 4^bit or 3ingle 8-bit. 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Programmable clock to match the 8279 scan times to 

the CPU cycle time. 

• Interrupt output to signal CPU when there Is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 



CLK RESET DBO-7 



DATA 
BUFFERS 



RD WR CS Ao 



INTERNAL - DATA BUS 18) 



DISPLAY 
ADDRESS 
REGISTERS 



DISPLAY 
RAM 



CONTROL AND 
TfMING 
REGISTERS 



7\ 



FIFO/SENSOR 
RAM 



V 



DIS'LAY 
REGISTERS 



TIMING 
AND 
CONTROL 



\7 

OUTAo.3 0UTBa3 



SCAN COUNTER 



FIFO/SENSOR 
RAM 
STATUS 



KEYBOARD 
DEBOUNCE 

AND 
CONTROL 



J~TF 



7% 



SHIFT 
RLo.7 CNTL/STB 
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HARDWARE DESCRIPTION 

The 8279 is packaged in a 40 pin Dll^. The following is 
a functional description of each pin. 



No. Of 
Pins 



Designation Function 



No. Of 
Pins 



Designation Function 



8 DB0-DB7 

1 CLK 

1 RESET 

1 CS 

1 Ao 

2 RD. WR 
1 IRQ 



2 Vss, Vcc 



SL0-SL3 



RL0-RL7 



SHIFT 



Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 

Clock from system used to gen- 
erate internal timing. 

A high signal on this pin resets 
the 8279. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 

Buffer Address. A high on this 
line indicates; the signals in or 
out are interpreted as a com- 
mand or status. A low Indicates 
that they are data. 

Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 

Interrupt Request. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa- 
tion in the RAM. In a sensor 
mode, the Interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and power supply pins. 

Scan Lines which are used to 

scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en- 
coded (1 of 16) or decoded (1 of 
■41- 

Return^ line Inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active In- 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit Input in the Strobed Input 
mode. 

The shift Input status Is stored 
along with the key position on 
key closure In the Scanned 



Keyboard modes. It has an 
active internal pullup to keep it 
high until a switch closure pulls 
it low. 

CNTL/STB For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 
(Rising Edge). It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low. 

These two ports are the outputs 
for the 16 X 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SL0-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 

BD Blank Display. This output is 

used to blank the display during 
digit switching or by a display 
blanking command. 



OUT Ao-OUT A3 
OUT Bo-OUT B3 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram In Figure 1 . 

I/O Control and Data Buffers 

The I/O control section uses the CS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers and_buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, Is identified by Ao. A logic one 
means the Information is a commajid or .status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus_ to the external bus. When the chip is not 
selected (CS = 1), the device s ar e in a high impedance 
state. The drivers input during WR» CS and output during 
RD»CS. 

Control and Timing Registers and Timing Control 

These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command Is latched on the rising edge of WR. 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing <co,)if|Bffiohain. The first counter Is a i- N prescaler 
that carl be pfogrammed to match the CPU cycle time to 
the Internal timing. The prescaler Is software programmed 
to a value between 2 and 31. A value which yields an 
Internal frequency of 100 kHz gives a 5.1 ms keyboard 
scan time and a 10.3 ms debounce time. The other 
counters divide down the basic internal frequency to 
provide the proper key scan, row scan, keyboard matrix 
scan, and display scan times. 

Scan Counter 

The scan counter has two modes, h the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scari, ^ is dj^iay. This means that only the 
first 4 charac|^ ifijtlit9'l|i^lay RAM are displayed. 

In the e«i@iMM iM0#ii ;#te seMti Unes wm active high 
outputs, tn the' c^eeodec) mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 
and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures In that row. If the debounce 
circuit detects a closed switch, It waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. Jn the scanned 
Sensor Matrix modes, the contents of the return lines Is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, th^.jg^^nts e|,1J^ return lines are transferred to 
the FIFO OH il^reslnig etge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8x8 RAM In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry Is 
written Into successive RAM positions and each Is then 
read In order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether It Is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory Is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change In a sensor Is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-blt nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that Is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 



SOFTWARE OPERATION 

8279 commands 

The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR 

Keyboard/Display Mode Set 

MSB LSB 

Code: 












D 


D 


K 


K 


K 



Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 

8 8-blt character display — Left entry 

1 16 8-blt character display — Left entry* 

1 8 8-bit character display — Right entry 
1116 8-bit character display — Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 












Encoded Scan Keyboard — 2 Key Lockout 








1 


Decoded Scan Keyboard — 2-Key Lockout 





1 





Encoded Scan Keyboard — N-Key Rollover 





1 


1 


Decoded Scan Keyboard — N-Key Rollover 


1 








Encoded Scan Sensor Matrix 


1 





1 


Decoded Scan Sensor Matrix 


1 


1 





Strobed Input, Encoded Display Scan 


1 


1 


1 


Strobed Input, Decoded Display Scan 



Program Clock 

Code: 









1 


p 


p 


p 


p 


p 



Where PPPPP is the prescaler value 2 to 31. The 
programmable prescaler divides the external clock by 
PPPPP to get the basic internal frequency. Choosing a 
divisor that yields 100 KHz will give the specified scan and 
debounce times. Default after a reset pulse (but not a 
program clear) Is 31. 

Read FIFO/Sensor RAM 





1 





Ai 


X 


A 


A 


A 



Where AI is the Auto-Increment flag for the Sensor RAM 
and AAA is the row that is going to be read by the CPU. AI 
and AAA are used only if the mode is set to Sensor Matrix. 
This command Is used to specify that the source of data 
reads (CS • RD • So) by the CPU is the FIFO/Sensor 
RAM. No additional commands are necessary as long as 
'Default after reset. 
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data is desired from the FIFO/Sersor RAM. Another 
command is necessary if reading is desired from a 
different row than has been selected, f Al is a one. the row 
select counter will be incremented after each read so the 
next read will be from the next Sensor RAM row. 

In the Auto Increment mode for reading data from the 
FIFO/Sensor RAM, each read advances the address by 
one so that the next read Is from the next character. This 
Auto Incrementing has no effect on the distilay. 

Read Display RAM 



Code: 






1 


1 


Al 


A 


A 


A 


A 



Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to read 
next. Since the CPU uses the same counter for reading 
and writing, this command also sets the next write location 
and Auto-Increment mode. This command is used to 
specify the display RAM as the data source for CPU data 
reads. If Al is set, the character address will be 
incremented after each read (or write) so that the next 
read (or write) will be from (to) the niext character. 

Write Display RAM 

Code: 



1 








Al 


A 


A 


A 


A 



Where Al is the Auto-Increment flag for the Display RAM 
and AAAA Is the character that the CPU Is going to write 
next. The addressing and Auto-Increment are identical to 
Read Display RAM. The difference is that Write Display 
RAM does not affect the source of CPU reads. The CPU 
will read from whichever RAM (Display or FIFO/Sensor) 
was last specified. This command will, however, change 
the location the next Display RAM read will be from if that 
source was specified. 

Display Write Inhibit/Blanldng 



Code: 



1 





1 


X 


IW 


IW 


BL 


BL 










A 


B 


A 


B 



Where IW is Inhibit Writing (nibble A or B) and BL is 
Blanking (nibble A or B). If the display is being used as a 
dual 4-bit display, then it is necessary to mask one of the 4- 
bit halves so that entries to the Display from the CPU do 
not affect the other half. The IW flags allow the 
programmer to do this. It Is also useful to be able to blank 
either half when that half is not to be displayed. The BL 
flags blank the display. The next command sets the output 
code to be used as a "blank". Default after reset is all zeros. 
Note that to blank a display formatted as a single 8-bit 
output, it is necessary to set both BLflags to entirely blank 
the display. A "1" sets the flag. Reissuing the cpmmand 
with a "0" resets the flag. 

Clear 



Code: 



1 


1 






Cd 


Cd 




Ca 



clear all positions of the Display RAM to a programmable 
code. All ones, all zeros and hexadecimal 20 are possible. 
The 2 least significant bits of C^ are also used to specify 
the blanking code (see below). 



Cd Co Cd 

X All Zeros (X = Don't Care) 
10 AB = Hex 20 (0010 0000) 

1 1 All Ones 
— Enable clear display when =1 (or by Ca = 1 ) 



Clearing the display takes approximately 160 ;js. During 
this time the CPU cannot write to the Display RAM. The 
MSB of the FIFO status word will be set during this time. 
Cf set the FIFO status to empty and resets the interrupt 
output line. After execution of a clear command with Cp 
set, the Sensor Matrix mode RAM pointer will be set to row 
0. 

Ca has the combined effect of Cq and Cp. C^ uses the C^ 
clearing code to determine how to clear the Display RAM. 
Ca also resets the internal timing chain to resyhchronize 
it. 



End Interrupt/Error Mode Set 



Code: 



1 


1 


1 


E 


X 


X 


X 


X 



Where Cq is Clear Display, Cp is Clear FIFO Status 
(Including interrupt), and C^ is Clear All. Cq is used to 



For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change In a sensor value. This would have also inhibited 
further writing Into the RAM until reset). 

For the N-key rollover mode — if the E bit is programmed 
to "1" the chip will operate In the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao Is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 

Data Is read when Ao, CS and RD are all low. The source 

of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) Independent of Al. 

Data Write 

Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 



I 
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INTERFACE CONSIDERATIONS 

Scanned Kdyboard Mode, 2-Key Lockout 

There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. It none 
are encountered, it is a single key depression and the 
key position is entered Into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 

Scanned Keyboard Mode, N-Key Rollover 

With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard — Special Error Modes 

For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Errof IWode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Of = 1. 

Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released- A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ line is 
cleared by the first data read operation If the Auto- 



Increment flag Is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 

Note: Multiple changes in the matrix Addressed by (SL0-3 
= 0) may cause multiple interrupts. (SLo = in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 

Data Format 

in the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and ipcli^^to which return line the key 
was connected. 



MSB 






LSB 


CMTL 


SHIFT 


I t 
SCAN 

1 1 


RETURN 

1 1 



SCANNED KEYBOARD DATA FORMAT 

In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 



MSB 



LSB 



RLe 



RL5 



RL4 



RL2 



RL, 



RLq I 



In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 



MSB 



LSB 



RL7 



RLb 



RLs 



RL4 



RL3 



RL2 



RL, 



RLq I 



Display 
Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 1 7th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 



1-195 



1st entry 



1 



1 



14 15-« — Display 
T I I RAM 
J 1 1 Address 



2nd entry 12 



1 



16th entry 



17th entry 



1 



14 15 



T4 15 



15 16 



14 15 



15 16 



1 

18th entry I 17 |l8 I 



14 15 
|l5ll6 



t-StTfllTSY MODE 
(AliTb INCREMENT) 

Right Entry ' 

Right entry is the method used by nnost electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The Witt ni^ ehaiactef' is shifted off the end 
and is lost. '""^ 



1st entry 



2nd entry 



3rd entry 



2 3 



3 4 



1 



14 15 0-«-Display 

I I rn '^^'^ 

I 1 L_ I Address 



15 1 



I 2 



13 14 15 



16th 



1 7th entry 



14 15 16 



1 2 



2 3 



15116 17 



15 1 



18th entry | 3 | 4 [' 



17 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Note that now the dlsp% pWion and register address do 
not correspond. Con^ii^ftfir; entenng a character to an 
arbitrary position In the Auto Iricr^nent mode may have 
unexpected results. Ent)^ staging at Display RAM address 
with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode. Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result Is predictable: 





1 


2 


3 


4 


5 


6 


7- 


1st entry 


1 


















1 


2 


3 


4 


5 


6 


7 


2nd entry 


1 


2 
















1 


2 


3 


4 


5 


6 


7 



RAM 
Address 



Command 
10010101 



3rd entry 



4th entry 



Enter next at Location 5 Auto InGTeAiM 

1 2 3 4 5 6 7 



1 2 3 4 5 6 7 



LEFT ENTRY MODE . , . , 

(AUTO INCREMENT) 

In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 



1st entry 



2nd entry 



Command 
10010101 



3rd entry 



4th entry 



1 2 3 4 5 6 7 0-^ Display 
RAM 
Address 



2 3 4 5 6 7 1 



2 3 4 5 



Enter next at Location 5 Auto l^ement 

'-: '■ ■ ^' ■ , : 

3 4 5 6 7 1 2 



4 5 6 7 1 2 3 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Starting at an arbitrary location operates as shown below: 

1 2 3 4 5 6 7-«- Display 



Command 
10010101 



1st entry 

2nd entry 
8th entry 
9th entry 



RAM 
Address 



Enter next at Location 5 Auto Increment 



1 2 3 4 5 











1 









2 


3 


4 


5 


6 


7 





1 








1 


2 








4 


5 


6 


7 


8 


1 


2 


3 




5 


6 


7 


8 


g 


2 


3 


4 



RIGHT ENTRY MODE, 
(AUTO TKI(^EMENT) 
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Entry appears to be from the initial mtry point. 
8/16 Character Oisp^l^ ftttmats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 msscan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboarc and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tri^ to react an :erefity FIFO. 

The FIFO status wSttl'al$o has a bit to indicate that the 
Display RAM was unawaflable because a Clear Displayor 
Clear All GOCntnartiS NKI not completed its clearing 
operation. . - - 



In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indication 
is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the error flag 
and serves as an indication to WlllMher a simultaneous 
multiple closure error has occurred. 

FIFO STATUS WORD 
i FIFO Full 





S/E 


1 u 


F 


N 


N 


N 



Number of 
diaracters In FIFO 
■ Error-Underrun 
Error-Overrun 

$e(ispr Closure/Error f )gg jfor 
Multiple Closures 
Display unavailable 



APPLICATIONS 



S-BIT 
MICRO- DATA 
PROCESSOR liUS 
SYSTEM 



ADDRESS/ 
BUS\ 



RETURN 
LINES 



KEYBOARD 
MATRIX 



8 COLUMNS 
8 ROWS 



SHIFT CNTL R,, 
INT 



low 

RESET 



X> 5V 



~1 



AO 

CLK„ 



3 — 8 DECODER 



"75 

3LSB' 



4 — 16DEC0DER 



BLANK 
DISPLAY 



12: 



ADDRESSES 
(DECODED) 

DISPLAY 

CHARACTERS 

DATA 

DISPLAY 



*Do not drive the keyboard decoder with the MSB of the scan lines. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature . . ... . . ., 0°Cto 70°C 

Storage Temperature <.- •• -65°Cto125°C 

Voltage on any Pin with 

Respect to Ground , , . -p.5:y to +7V 

Power DisttpStion 1 Watt 



'COMMENT: Stresses abmf^fftosemB^cI'vnder "Absolute 
Maximum Ratings" may cause permanettf^ckimas^wjhe 
device. This is a stress riilng' only 'atkl'fur^^e^l^ <^^j 
tion of thedfvioe at these or aay atim-^emi^^i^/^f^c" 
liiose indicated in the operational sseijions>^f this^spe(Mi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for ex tended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 

Ta = O'C to 70° C, Vss = (N, Note 1 



Symbol 


Parameter 


IVIin. 


Max. 


Unit 


Test Cpnd(t^)^ , 


V|L1 


Input Low Voltage for 
Return Lines 


-0.5 


1.4 


V 




V|L2 


Input Low Voltage for All Others 


-0.5 


0.8 


V 




V|H1 


Input High Voltage for 
Return Lines 


2.2 




V 




V|H2 


Input High Voltage for All Others 


2.0 




V 




Vol 


Output Low Voltage 




0.45 


V 


Note 2 


VOH 


— 

Output High ¥0]!^ on Interrupt 
Line 


3.5 




V 


Note 3 


l|L1 


Input Current on Shift, Control and 

Return Lines 




+10 
-100 


fjA 

ma 


V|N = Vcc 
V|N = OV 


l|L2 


Input Leal<age Current on All Others 




±10 


ma 


V|N = Vcc to ov 


'OFL 


Output Float Leal<age 




±10 


ma 


VouT = Vcc to ov 


'CG 


Power Swpply Current 




120 


mA 





Notes: 

1 . 8279, Vcc = +5V ± 5%; 8279-5, Vcc = +5V ± 1 0%. 

2. 8279, l0L= 1-6rnA; 8279-5, loL= 2.2mA. 

a 8279, loH = -IOOmA; 8279-5, Iqh = -400aiA. 



CAPACITANCE 



SYMBOL 


TEST 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


Cin 


Input Capacitance 


5 


10 


pF 


Vin=Vcc 


Cout 


Output Capacitance 


10 


20 


pF 


Vout=Vcc 



.Jrl98 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vss = OV, (Note 1 ) 
Bus Parameters 
Read Cycle: 



Symbol 


Parameter 


8279 
Min. Max. 


8279-5 
Min. Max. 


■ 

Unit 


tAR 


Address Stable Before READ 


50 


* 


ns 


tRA 


Address Hold Time for READ 


5 





ns 


tRR 


READ Pulse Width 


420 


259- 


ns 


tRD'^l 


Data Delay from READ 


300 


150 


ns 


tADl21 


Address to Data Valid 


450 


250 


ns 


tDF 


READ to Data Floating 


10 TOO 


10 100 


ns 


tRCY J 


ReaxJ Cycle Time " 


1 




ii& 


Wito Cycle: 


Symbol 


Parameter 


8279 
Min. Max. 


8279-5 
Min. Max. 


Unit 


tAW 


"AdarSs"Stable 'Before WR ITE 


50 


' - 


ns 


tWA 


Address Hold Time foF WR4TE 


20 





- ns 


tww 


WRITE Pulse Width 


400 


250 


ns 


tow 


Data Set Up Time for WR ITE 


300 


150 


ns 




Data Hold Time for WR ITE 


40 





ns 



Notes: 

1. 8279, Vcc = +5V ±B%; 8279-5, Vqc = +5V ±10%. 
% ^79, Gl= lOOpF; 8279-5, Cl = 150pF=. 

Other Timings: 



Symiwl 


Parameter 


8279 
Min. Max. 


8279-5 
Min. Max. 


Unit 




aock Pulse Width 


230 


120 


nsec 


tCY 


Clock Period 


500 


320 


nsec 



Keyboard Scan Time: 
Keyboard Deboutice Time: 
Key Scan Time: 
Display Scan Time: 



Input Wtmaiaims Fee A<C. Tests 

2.4 — 



5.1 msec - Digit-on Time: 480 jusec 

10.3 msec Blanking Time: ISOpsec 

80 Msec Internal Clock Cycle: lOjisec 

10^3 msec 
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WAVEFORMS 



son- 



Read Opeialion 



\ 



-•rr- 



-<RD- 



DATA BUS 
(OUTPUT) 



.\\\\\\\\\\\\\\\V,, 
MtSH IMPEDANCE 



■ DATA VALID- 



(SYSTEM'S 
ADBREESBUS) 



(READ CONTROL) 



,HIGH IMPEOANCEVO 

\\\\\\\\yvv\\\\v 



Write Operation! 



DATA BUS 
IINPUTI 



\ 



DATA 
MAY CHANGE 



X 



/ 



-tpuf- 



-DATA VALID- 



(SYSTEM'S 
ADDRESS BUS) 



(imnE CONTROL) 



DATA 
MAY CHANGE 



Clock Input 



"X / — "S / 
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aPIB TALKER/LISTENER 



Complete source and acceptor 
handshake. ^ 

Cpmplel^^er and listener functions 
miR extende^ addressin< 

^rvlce request^^l^i 
itf trigger, n 
functions. 

I Selectabie interrupts 

On chip primary and secondary 
recognition. 

I Automatic handling of addressing and 
handshaice protocol. 

Provision for software implementation 
of additional features. 

Designed to interface 8-Bit IMicropro- 
0St^mS {e.g., 8080, 8085, 8048) to an 
IEEE Standard 488 Digital Interface Bus. 




18 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Corttroi, Status, etc. 

Directly Interfaces to External 
Transceivers for Connection to the 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/- 
ener with Primary or Secondary 
ssing. 

ake Provision Allows for 
fiF$ without CPU intervention. 

TriggerJ>utput Pin Allows for Triggering 
of any d^evlce in the Systepi Wtttiout 
CPU Intervention. 



On Chip EOS MesSli 
Facilitates Hitndlfnii 
Transfers. I 



iga||^K|nition 
drMiVByte 



The 8291 GPIB TALKER/LIStENER is a microprocessor-controlled chip designed to interface 8-bit micro- 
proieSerare {e.g!,"S38d, 8035, iD48) to an IEEE Standard 488 Instrumentation Interface Bus. It implements 
all of the Standard's talker/listener interface functions. 



BLOCK DIAGRAM 



■mat 2 

CLOCK c 
RESET [ 
TRIGC 

DMA REQC 
DMA ACK C 

est 
iorC 
iowC 
intC 

DOL 
DlC 
D2C 
D3C 
D4C 



10 

11 

12 
13 
14 
IB 
16 
Dsdl7 
D6C IS 
ail 19 
VsgC 20 



40 

39 
38 
37 

36 

35 

34t: 

33 
32 



29 
28 
27 
26 
25 
24 

23 tl 
22 
21 



□ Vcc 

□ EOl 

□ NDAC 

□ NRFD 
3DAV 

□ 0108 
DI07 
DI06 

□ □105 

□ DI04 

□ DI03 

□ DI02 

□ DI01 

□ SRQ 

□ ATN 

□ REN 

□ IPC 
RS2 

DRS1 
3RS0 



l/* 8 READ 

\| REGISTERS \j . 



T/R CONTROL 



GPIB DATA 



8 WRITE 
REGISTERS 



1^ 



CO 


SH 


O 


AH 


CTI 


T 


z 

3 


L 


li. 


SR 


UJ 




U 


RL 


< 


u. 


PP 


tr 


UJ 


DC 


H 


Z 


DT 
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MESSAGE 
DECODER 



TO BUS 

TRANSCEIVERS 
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PIIM DESCRIPTION 



Symbol 



D0-D7 

cs 

iOR 

low 

INT 

DMA REQ 



DIMA ACK 

TRIG 

CLOCK 
RESET 

DI01-DI08 

DAV 

NRFD 

NO AC 



ATN 
IFC 

SRQ 

REN 

EOl 

T/R1 

T/R2 

VCC 
VSS 



I/O 



I/O 
I 

I 
i 
I 

O 
O 

I 

o 



I/O 
I/O 

I/O 
I/O 

I 
I 

o 
I 

I/O 

o 



P.S. 
P.S. 



12-19 
21-33 

8 
9 
10 
.11 

6 

7 

5 

3 
4 

28-35 
36 

37 

38 

26 
24 

27 

25 

39 

1 



40 
20 



Function 



Data bus port, to be connected to 8080, 8085, or 8048 data bus. j > 

Register select inputs, to be connected to three non-mult^teied microproceBdr eddFdbl%s. 
lines. Select which of the 8 internal read (write) registect «idll be read from (written ilffgk, 



with the execution of IOR (lOW) 

Chip select. When low, enables reading f ronn or writing into the register se^ceUtd by RSO— RS2 

Read strobe. When low, selected register contents are read by the CPU. 
Write strobe. When low, data is written into the selected register. 



Interrupt request to the microprocessor, set high for request and cleared w^^eH ttw appro- 
priate register is accessed by the CPU. 

DIVIA request, normally low, set KigR to indicate byte output or byte input, In DMA mode; 

reset by DMA ACK. 

DMA acknowledge. When low, resets DMA REQ and selects data in/data out register for 
DMA data transfer (actual transfer done by lOR/lOW pulse). 

Trigger output, normally low; generates a triggering ]piilSe corre^bndrng to the GET 

command- 

External clock input, used for Internal time delays generator. 

Reset Input. When high, forces the device into an "Idle" (initialization) mode. The device 
will remain at "Idle" until released by the microprocessor. 

8-bit GPIB data bus port, used for bidirectional data byte transfer betvyeen j^ij^cl OPIB 
bus via external line transceivers. .f . Vi.MJnt i 

Data valid; GPIB bus handshake ccoitcpl line. Indi$:ates the condition (availability and 
validity) of information on the DIO llne». 

Not ready for data; GPIB bus handshake control line. Indicates the condition of readiness of 
deviceCs) connected to the bus to accept data. 

Not data accepted; GPIB bus handshake control line; Indicati^ the cor^iti^h i^ta^p^nce 
of data by the device(s) connected to the bus. '- ' • f ^ ' »OiJltL ' 

Attention; GPIB bus command line. Specifies how data on DIO lines are to be interpreted. 

Interface clear; GPIB bus command line. Places the interface functions in a known quiescent 
state. « 

Service request; GPIB bus command line. Indicates me need for attention sihorequests an 
interruption of the current sequence of events on the GPIB bus. 

■Remote enable; GPIB bus command line. Selects (in conjunction with other messages) 
remote or local control of the device. 

End or Identify; GPIB bus command line. Indicates the end of a multiple byte transfer 
sequence or, in conjunction with ATN, addresses the device during a polling sequence. 

External transceivers control line. Set high to indicate output data/signals on the DIOl- 
DI08 and DAV lines and input signals on the NRFD and NDAC lines (active source hand- 
shake). Set low to indicate input data/signals on the DI01- DIGS and DAV lines and 
output signals on the NRFD and NDAC lines (active acceptor handshake). 

External transceivers control line. Set high to indicate output signals on the EOl line. Set 
low to indicate expected input signal on the EOl line (during parallel poll). 

Positive power supply (VSS + 5 V ± 10%). 

Circuit GND potential. 



8291 SYSTEM DIAGRAM 

\ k .... 



MICROPROCESSOR SYSTEM BUS 



8257 
DMA 



CONTROLLER \ DACK 
(OPTIONAL) 



8291 
GPIB 
INTERFACE 



BUS 

TRANSCEIVERS 



GENERAL PURPOSE INTERFACE BUS 



intel 



8292 

GPIB CONTROLLER 



FEATURES: 



Complete IEEE Standard 488 Controller 

Interface Clear (IFC) Sending Capability 
Allows for Seizure of Control and/or 
Inittaliiatlon of the Bus. 

Responds to Service Requests (SRQ). 

ii Sends (REN), Allowing lnstruin|nts to 
SwtleistoneinoteContri^. * 



Tbt 8:^2 m& CONTR 

§ii8 xaCker/listen 

transfer contFOI protocol. 



^ ▼Coi 



PIN CONFIGURATION 




mplete Implem^jitation of Transfer 
ontrol Protoc 

Synchronous Control Seizure; Prevents 
the Destruction of any Data 
Trana#i^i|bMf Progress. 




Conne6% with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Taiker/Usten^r/Controller. 



rolled chip designed to connect with the 8291 
EE Standard 488 controller function, including 



8291, 82mmmm diagram 



mCRePROCESSOR SYSTEM BUS 



8257 I ^ DRQ 

DMA : 
controller 
(optional! 
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8291 

GPIB 
TALKER/ 
LISTENER 



8292 
GPIB 
CONTROLLER 




INTERFACE 
STEERING 
LOGIC 



BUS 
RANSCEIVER 

H 



anMWniRPOSE INTERFACE BUS 
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8294 

DATA ENCRYPTION UNIT 



■ Certified by National BtiriNiii itf 
Standards 

■ 80-Byl^9e Data Conv^iildn Itti 

m e4*i!t Ditii Encryption Uifng §d-Bit 
Key 



« DMA Intetiaioe 



3 interrupt Outputs to Aid in Loading 
Mid U nl 



■ 7-Bil liiMF Mput Port % 

■ Single 5V di 10% Power Supply 

■ Peripherai to MCS-85TM, MCS-SO™ 
and IVICS-48TM Processors 



■ implements Federal information 
Processing Data Encryption Standard 

■ Encrypf a^ iscrypt Modes Available 



DESCRIPTION 

The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripherai device designed to encrypt and decrypt 
64-bit blocks of data using the aigorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text word:; using a 56-bit user-specified key to produce 64-bit cipher words. The operation 
Is reversible: If the cipher word is operated upon, the original text word is produced. The algorithm Itself is perma- 
nently contained In the 8294; however, the 56-blt key is user-defined and may be changed at any time. 

The 96^U key and 64>bit message data are transferred to and from the 8294 In 8-blt \iifi^ by way of thesvstem data 



bus. llf'@^ ffitOT%cil ai«l'1hree Mterrupt outputs are available to minimize software ^rtiead asaecteAelhwIth data 
transfer. Also, by using the DMA Interface two or more OEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 1 20 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 Implements the NBS encryption aigorithm It can be used In a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 



PIN 

CONFIGURATION 



PIN NAMES 



BLOCK DIAGRAM 



NCE 


1 ^ 


^ 40 


3Vcc 


xic 


2 


39 


□ nc 


X2C 


3 


38 


□ DACK 


RESET C 


4 


37 


□ ORQ 


NCC 


5 


36 


3SRQ 


rac 


6 


35 


□ OAV 


SNDC 


7 


34 


3NC 


ROE 


» 


33 


□ P6 


AOC 


9 


32 


3P5 


wnc 


10 m 


94 31 


3P4 


SYNCC 


11 


30 


3P3 


D0[ 


12 


29 


3P2 


Die 


13 


2B 


3 PI 


D2C 


14 


27 


ara 


D3C 


15 


26 


3Vdo 


D4C 


16 


25 


3NC 


DSC 


17 


24 


3GCMP 


D6C 


18 


23 


3ng 


D7C 


M 


22 


3NG 




m 


41' 





PIN NAME 


FUNCTION 


D7-D0 
RD. WR 
CS 

Ag 

RESET 

Xi,X2 
SYNC 

DRQ, DACK 
SRQ. OAV, CCMP 

Pe-Po 

Vcc. vdd. gnd 


DATA IIUS 

READ, WRITE STROBES 
CHIP SELECT 
CONTROUDATA SELECT 
RESET INPUT 

FREQUENCY REFERENCE INPUT 

HIGH FREQUENCY OUTPUT 

DMA REQUEST. DMA ACKNOWLEDGE 

INTERRUPT REQUEST OUTPUTS 

OUTPUT PORTjUII^ 

4€V POWER, (HID 



, K DATA 

h-r\ BUS A 

1/ BUFFER \. 
^ REGISTERS 



SRO-— 
OAV — 



RESET - 
SYNC- 



CONTROL 

AND 
INTERRUPT 
LOGIC 



V" 



KEY 
BUFFER 
STORAGE 



-A 

-y TABLE 



ALGORITHM 



A \| T^BIT \a \ 



DMA 

LOGIC 



i-DflO 
-DACK 
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COMMAND SUMMARY 

Enter New Key 



OP CODE: 






1 





















MSB 



This command [s followed bv 8 d»ta itipuli w^SS"'!*' 
retained in the key buffer (RAM) to be used in encrypting 
and decrypting data. 



Encode Data 



OP CODE: 









1 


1 















MSB LSB 

This command puts the 8294 into the encrypt mode. 



Decode Data 



OPCODE: 









1 


















MSB LSB 
This command puts the 8294 into the decrypt mode. 

Set Mode 















A 


B 


C 


D 



MSB 



LSB 



.wtjere: 

A is the OAV (Output Availablef interrupt enable 
B is the SRQ (Service Request) interrupt enable 
C is the DMA (Direct Memory Access) transfer enable 
D Is the CCMP (Conversion Complete) interrupt enable 



FUNCTIONAL DESCRIPTION 

In non-DWA mode, tfe.sonversion sequence is as follows: 

1. A mode command is issued to enable the desired inter- 
rupt outputs. 

2. A new key command is issued followed by 8 data inputs 
to initialize the key. Each byte must have odd parity. 

§r"fhe lencrypt data or decrypt data command is issued to 
set the DEU in the desired mode. 

After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any of 
the above commands may be issued between data conver- 
sions to change the basic operation of the DEU; e.g., a 
decrypt data command could be issued to change the DEU 
from encrypt mode to decrypt mode without changing 
either the key or the interrupt outputs enabled. 

COMMAND AND DATA TRANSFER 

Four internal registers are addressable by the master: 2 for 
input, 2 for output. Access and function of these registers 
are described below. 

RD WR CS Aq Register 

1009 Data input buffer 

SI' 0' 9 Data output buffer 

10 1 Status output buffer 

10 1 Command input buffer 

T-X- Don'tcare 

Da^lntMfC ;iuWlM' Pita written to this register is inter- 
preied. ^.incttaf .%iMy,.«sdata to be encrypted/decrypted, 
m i|^^,'BjiA Wsek count, depending on the command 
sequeflce preeetffng the write. 

Data Output Buffer — Data read from this register will be 
the output of the encrypter/decrypter function. 



■sratirs'Otnptit Baffer • 

ter at all times. 



DEU status is available in this regis- 



6 



STATUS 
_§ll: _ 
FUNCtToN: XXX XXX XXX KPE 



3 

HS 



2 
DEC 



1 

IBF 




OBF 



This command determines which interrjpt outputs will be 
enabled. A "1" in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively, ft "1" in bit C will 
allow DMA transfers. When bit C is set the OAV and SRQ 
interrupts should also be enabled (bits A,B =1). Following 
the command in which bit C, the DMA bit, is set the 8294 
will expect one data byte to specify the number of 8-byte 
blocks to be converted using DMA. • — ' 



Write to Oufptit Port 



OP CODE: 



1 


P6 


Ps 


P4 


P3 


P2 


Pi 


Po 



MSB 



This command causes the 7 least significant bits of the 
command byte to be latched as output '4iia "om 'ii^S^ji 
output port. 



OBF— Output buffer full; OBF = 1 indicates that the 
— ' output buffer contains encrypter/decrypter output 

1 ' , data. It is set false when the data is read. 

,Li -.J 

IBF — Input huffier full; IBF is set true when a command 
_ _ or data Is ^fitten to the input buffer. The DEU 
sets this flag false when it has accepted the input 
byte. No data should be written when IBF = 1. 

DEC— Decode; indicates whether the DEU is in encrypt 
'-•J or decrypt mode. Decrypt; DEC = TRUE; 
■ Encrypt: DEC= FALSE. 

HS — Handshake flag; this flag is used in the data trans- 
fer protocol. 

KPE — Key Parity ErripT; after a new key has been entered, 
the DEU will use this flag in conjunction with the 
HS flag to indicate correct or incorrect parity. 

Command Input Buffer — Commands to the DEU are 

wriflWn to this register. 



Mi 



8294 



IHTfiRFilci TIMING ■ 

Figures 5 through 8 illustrate recortirhended protocol sequences and timing for transferring commands and di^.between the 
master processor and the 8294. 



Jl 



u 



X 



u—ij- 



Sffi I I I I KEY I [key \ [k 

LJ LJ DATA LJ DATA LJo 



■i_rL__rL 



_n_ri__rL 



•■LJ~ir""u 



8 DATA WRITES 



rLR.n_ 



8 DATA READS 



Figure 7. Encode/Pecede data 
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•inj~ir"-ir 

DMA BLOCK 8 DMA R 6ADS 
MODE COUNT (n| 



B DMA WRITES 



REPEATED n TIMES 



Figure 6. DMA Sequence 
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MAST^VSLAVE INTERFACE 

. FjaHtSS' 1 through 4 illustrate four inferlss* e^aftp^ations used iniMasisrj/Stai/e data tranrfers. In all eases SRQ will be true 
f#enabled) and IS F will be false when ito BS%I i ««idy to accept |MH WC^Mmands. 



-I: 2N2222 



Figure 1. Polling Interface 



Fjpire 2. Single Interrupt Interface ■ 



MASTER 
PROCESSOR — 
INTERFACE 



I1JT5-" 



,K. 



Figure 3. Dual Interrupt Interface 



MASTER 

PROCESSOR 

INTERFACE 



D7 L 



«P 



DMARO 
8257 

DMAR1* 



•DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY t!ATA TRANSFER 



Figure 4. DMA Interface 




8295 

DOT MATRIX PRINTER CONTROLLER 



Interfaces Dot Matrix Printers to 
MCS-48TM, IVICS-80TM, MCS-SS"^"* 



■ 40 Charaelnr differ On Chip 

■ Serial or Parallel (^mmuttieation with 
Host 



DMA Transfer Capability 
Programmabie Character Density (10 or 



12 Charaiiitera/lnch) 



■ PropwRiinalile Print intensity 

■ Single or Double Width Printing 

■ ProgrammaBii'MriPtlple Line Feeds 

■ 3 Tabulations 

■ 2 General Purpose Outputs 



The Intel® 8295 Dot Matrix Printer Controller provides an Interface for microprocessors to the LRC 7040 Series dot 
matrix Impact printers. It may also be jsed as an interface to other similar printers. 

The chip may be used In a serial or parallel communication mode with the host processor. Furthermore, It provides 
internal buffering of u# to 40 characters and contains a 7x 7 matrix character QMerator accommodating 64 ASCII 
characters. ' 



PIN 

CONFIGURATION 



PIN NAMES 



PFEEDC 1 

NCC s 

6 

QNOC 7 

KBC a 

VccC 9 

"WRC 10 

SYNCC n 

DoC 12 

DiC 1J 
DsC 
DSC 

D4C T6 
DsC 

DeC IB 

D7C 19 

QNDC 30 



Dhome 
JTJACK(StN 

JH6t 
3 STB 

□Si 

DVdd 
□no 
□qpi 

DQP2 

3WP 



RESET 
Xi. X2 
SYNC 
MOT. PFM 
DfiQ. PACK 
SIN. CTS 
IRO/SER 
Si-St 
PFEEO 
HOME. tOF 
STS 

GP1, GP2 

vcc. vdd.gno 



FUNCTION 



DATA BUS 

READ. WRITE STROBES 

CHIP SELECT 
RESET INPUT 

FREQUENCY REFERENCE INPUTS 

HIGH FRECUENCY OUTPUT 

MAIN. PAPf R FEED MOTOR DRIVES 

DMA REQUI=ST. ACKNOWLEDGE 

SERIAL INPUT. CLEAR-TO-SENO 

INTERRUPT REQUEST, SERIAL GROUND 

SOLENOID IIRIVE OUTPUTS 

PAPER FEEO INPUT 

HOME. TOP OF-FORM INPUTS 

SOLENOID HTROBE OUTPUT 

GENERAL PJRPOSE OUTPUTS 

+ SV POWEil. GND 



BLOCK DIAGRAM 

INTERNAL 
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puter designed to be used as a universal peripheral 
interface device in a microcomputer system. The 

device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem- 
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interface is included 
which enables the UPI-41 to be used as a peripheral 
controller in MC&48, MCS-80, MCS-85 and other 
S-bit microcomputer families. Tlie device is 6e^ 
signed for keyboard scanning, printer control, dis- 
play multiplexing and similar apphcations which 
involve inteifatteg peripheral devtas^tO'i^meMf^ 
puter systems. 

The UPl-41 is fabricated with N-channel MOS tech- 
nology and requires only a single 5-volt supply for 
operation. It has IK words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPl-41 is almost identical to 
that of the MCS-48. A single byte data register on 
the lIPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 
register is used to indicate the status of data trans- 
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. 1/0 can be 
expanded further by using the 8243 IJO expander 
device. A separate register in the W'l-4i Is t&d as 
an event counter or interval timer. 

Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UiPl-41 can be programmed' as a peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi- 
tion to controlling the printer, the UPl-41 cara 
handle zero suppression, limit-checking, fpiro^tting 
and other computations, thereby unBSi'fltetffii^ the 
master processor. This type of distributed intelli- 
gence, made possible by the UPI-41, greatly en- 
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of mote sophkticated electronic require- 
ments. The^liPJ»41, with its high degree of capabil- 



UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

"J^f ,iL^ ifedei 7040 printer is a matrix printer 
^Iflufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha- 
numeric information, this printer is mechanically 
simple and should be ideal for a variety of appUca- 
Uonis mdk as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicablo to a variety of similar printers which are 
currently available. 

The printer (Figure 1) consists of four major sub- 
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 

. vertiM caljimn. Tp see how this arrangement can 
Miu?fte USOT to print alphanumeric characters refer to 

-| WipLire 2. The figure shows a 5 X 7 matrix of 
^Ots". The columns are labeled CI through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid- 
driven wires. The ^tire print head assembly is 
moved left to right across the paper so that at Ti it 
is over CI, at T2 it is over 02, and so on. If the 
correct solenoids are activated at each of these 
times (Ti— T5) then a character can be formed. 
Figure 2 shows the character "A" formed. At Ti 
solenoids one through five were active, at T2 sole- 

i noids four and six were active, and so on until the 
complete character was formed. The complete 
character is formed by choosing the correct pattern 
of active solenoids t&i each of five instants in time. 

' The print toad is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the ^ijpf4 fttotiag is accomplished by controlling 



2^3. 



the activation of the solenoids as the print head is 
driven from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum actirates the HOME micro- 
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc- 
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener- 
ated by the microswijteh to initiate the printing of 
a new line of informafiEbtt. 

Paper feed is accomplished by a second synchro- 
nous motor whidi can be activated to feed paper 
through the mechanism. A switch is provided 

which is activated while the actual line feed is 
occurring. The control logic can use the trailing 



edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface signals to the printer consists of a 

pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro- 
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the average current is approximately 0.5A. A 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N6045 Dariington transistor, the 1N4002 catch- 
ing diode, and the 20-ohm damping resistor, is the 



DIMENSIONS , 




" . I' 

r. I • 

' Figure 1. LRC Mcxiel 7040 Printer 



one suggested by the manufacturer of the printer. 
The input stage is a disciete implementation of a 
DlTL gate. Note that the base-emitter junction of 

the 2N6045 will protect the 2N2222A transistor 
from over-voitage on its collector. This circuit has 
several features whidi are import^t tt» the printer 
interface : 

1 . All solenoid power (including the power used j 
to drive the base of the power transistor) isj 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 

the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 
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Figure 2. 5 x 7 Dot Matrix 



The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
Ihe Seimg of Uie deagn described in this note 
ftises were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically- 
coupSed TRIAC '^hich is ideal for driving the small 

synchronous motors in the printer. Coupled with a 
buffer this part provides a simple means of con- 
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be- 
twesii m Intel® 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
(Qltergd ajd^applied to the TESTO and TESTl 
^Bte 0f''A<rl9'I-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 




JT 



Figure 4. Motor Driver 
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5. SDK-85 + UPI-41 
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The relative timing of the interface signals to the 
ptfater is shown in Figure 6. Actiial printing com- 
mm^es «i>hen 13te main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the pnnter is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro- 
vides a space between dots. Siafe the printer does 
fflol msmAe my feedback to the lIPI-41 which 
Would ifftocate the position of the print head, it is 
necessary for the UPl-41 to decic'e when to fire 
each solenoid based on timing information it main- 
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1 .3 milhseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motoT.^ould lemaiffl activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 
state. At this ppint the printing, of a complete 
line, including' the necessary Me fted, has been 
accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 



SOFTWARE 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ- 
ated with a PRINTER SERVICE ROUTINE (PSR). 



MAIN 
DIRVE MOTOR 
(INPUT) 



MAIN DRIVE 
SWITCH ' 
(OUTPUT) 



PAPER 
FEED MOTOR 
(INPUT) 



PAPER FKD . 
SWITCH 
(OUTWJT) 



7CM0 
•PRINT " 
PULSE 
(INPUT) 



1.25 LINES^EC 



-PRINT READY 



PRINTED DOT 



>! j-i 0.400 imMAX 



Figure 6. Printer Timing 
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PORT1 
LATCHES 



t: 



Figure 7. Software Block Diasram 



The BUFFER MANAGFR is responsible for all 
interaction with tlie master processor (i.e., the 
8085 in Figure 5). Tlie data $tritictut# assiSidsted 
with BMGR is a 40<haracter buffer which is used 
to store the characters as they are received from 
the master processor. BMGR iiaintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and OUT- 
PUT POINTER in the diagram and are imple- 
mented as UPI-41 registers Rq and R], respectively. 
The input pointer (INPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, wWaffs ii^d to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UPI-4 1 , is used to communicate with the 
printer service routine (PSR). A chaacacter to be 
printed is placed in the output buffer IQSHF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over- 
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR vyill 
load a character into the output buffer only if it 
currently is equal to this value. 

The printer service routine utihzes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole- 
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the con;ents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER im^i 
the precise time that it should be presented to me 
hammer drivers via the I/O bits in PORT 1. ICNT 
and the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man- 
ner in which it utihzes the character buffer must 
be understood. Figure 8 shows the operation of the 

buffer while two hnes of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 



characters per line. The two lines of characters to 
be printed are: 

• ■! . . • 
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Figure 8. Buffer Operation 



It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pomted to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under- 
run protocol would have to be established to 
handle the situation of the input stream from the 
i+ikster pttfcessor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan- 
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "C", and "D" are loaded. In each case the 
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input pointi* M iiiareitittated to point to the next 
available location and then that location is loaded 
with the character. The position of the output 

pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out- 
put pointer is set to point at the first character of 
the byffer. The operation of the pointers thus far 
^ be jdescribed by the i>llowing algorithm: 

INITIAL: 

INPOINT;-BUFFER_MAX; 

O UTPO I NT :=BUF F ER_M AX+1 ; 

LOOP: I 

IF CHARACTeft_AYAILABLE THEN 

BEGIN 

INPOINT:-(INPOINT+1l MOg» BUFF«i_LEMGTH; 
BUFFER(INPOINT):-GHAnACTER; 

I^INPOIM¥kBMFFEB_MAX THEN 0UTPOItW;!'8t)FiPlftL'i»«;! 
END; ■ . I - .-■ - 

Obviously, if this loop vfpte allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 



LOOP: 

IF CHARACTER_AVAILABLE THEN 
BEGIN 

TEMP:HINPOINT+1) MOD BUF FER_LENGTH: 

I f TEMPOOUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; . 
BUF FER ( I NPO I NT) :=CHARACTER ; 

IF INPOINT»BUFF^i,MASeTHEN OUTPOINT:=BUFFER_MIN: 
END; 
END; 

GOTO LOOP; 

This modification will "freeze the action" at Fig- 
ure 8f until the output, pointer is incremented. 
When this occurs the input procedure will immedi- 
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou- 
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that w;is previously in the output buffer. 
If this value is called EMPTY_FLAG then the 
complete buffer handling procedure can be defined 
as follows: 



INITIAL: 

INPOINT:=BUFFER_MAX; 
OUTPOI NT :=BUF Fi%J«A*!*J;; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 
BEGIN ' 

TEMP:=(INP0INT+1) MOD BUFFER_LENGTH; 

IF TEMPOOUTPOINT THEN 
BEGIN ' 
INPOINT:=TEMP; 

BUFFER(INPOINT):=CHARACTER; 
IF INPOINT=BUFFER_MAX THEN 
0UTP01NT:=BUFFER_M1W; 

END; 

IF OUTPUT^BUFFEB-EMPTY_f LAG THEN 
BEGIN 

IF OUTPOINT<-BUFFER_MAX THEN 
BEGIN 

OUTPUT_BUFFER:=BUFFER(OUTPOINT); 
OUTmiNT:=0UTPOINT+1 ; 
END; 
END; 
END; 

GOTO LOOP: 

Examination of Figuies 8g through 8r wUl show 
how this algorithm maiififains th'e buffer. If there is 

an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a hne is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, ti\, 4nd n). 
Frame r shows that after all available Cliaracters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for the complete BUFFER MANA- 
GER are shown in Figures 9a and 9b. The corre- 
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm ttat has been dis- 
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one'tto reset, the in- 
ternal interrupt enable flag. This flag, which is 
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ii^plemeftted as Ut, zefO' of P0RT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the tlrst is that the motor of 
the printer wUl be turned on whenever a data 
character is received, the second is that if an end of 
line code (i.e., an ASCII liii'e'feedySfeeeived, then, 
instead of storing it in the buffer, 'a'mode is en- 
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of P0RT2. Note that utihzing otherwise 
unused bits «sf P0RT2 for pr««g#ain tstattis allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. i ; . 




INPOINT=TEMP 



A = INPUT 
BUFFER 



CLR INTERRUPT 




( BWRT ^ 



Figure 9a. Buffer Manager Flowchart 



He Jast p^difios t& the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
m$iter processor should be asserted. This interrupt 
iSi SIt if! the enable bit is set and thwe is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
ofBMQR. 



( BPRT ) 




f BMGR ) 

!■ . - ^ ' 



Figure 9b. Buffer Manager Flowchart 



PRINTER SERVICE ROUTINES 

The Printer Service Routine must convert the char- 
acters given to it by the Buffer Manager into an 
appropriately timed stream of pulses to the sole- 
noids. Because the PSR is extremely time- 
depenient, it was implemented as an interrupt- 
dtlveh routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
J^i^ the master processor. 
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If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would be to generate a' state transition diagram 
which shows all th& ^tss that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft- 
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A tcfflal of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must ije iefiifei. 

WA: The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi- 
cates that it is ready to start the actual 
piteting of data. 

TPA: During the .JPA^est Prtot Area) 
state the system dijgitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er- 
roneous indication that the print area 
has started. 

IPO: Transfer to the IPO .(Initialize Print 
Ope^tion) state oefwrs after the posi- 
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 

ICOL: "Die ICOL (Inter Column) state is used 

to time the period between the activa- 
tion of the hammers. During this state 
the space between the dots of the 

characters is generated. 



PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par- 
ticular character being printed re- 
quires a dot in the &»iTdaf^»effldliig posi- 
tion. 

ICHAR: The ICHAR (Inter Character) state is 
active between characters on a given, 
line. 

WFON: During the WFON (Wait for Feed On) 
state Hien-syStem twa^'jBto the asser- 
tion of the feed pulse from the printr 
er. This signal indicates that the 
process of feediiig.piper is occurring. 

1Sff0f Ft The systestt remto' to Hie WFOFF 
(Wait for Feed Off) until the feed 

pulse goes inactive. This indicates that 
' ~ ■ the required paper feed operation has 
hem completed. 

The state diagram, in addition to defining the 
allowable states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans- 
ferred to PORTl which causes the hammer sole- 
noids to be activated. Each of the eight possible 
states sets data into the regist^ which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter- 
rupted at the proper time. The following para- 
graphs describe the oogration of each of the states 
T "I 




WPA 

TPA 

IPO 

ICOL 

PCOL 

ICHAR 

WFON 

WFOFF 

C01 
ClO 
Cll 
C12 
C20 



C43 
C4S 
C53 
C66 
CB6 

c<n 

On 
C77 



WAIT FOR PRINT AREA 
TEST PRINT AREA 
INITIALIZE PRINT OPERATION 
INTER COLUMN DELAY 
PRINT COLUMN 
INTER CHARACTER DELAY 
WAIT FOR PAPER FEED ON 
WAIT FOR PAPER FEED OFF 



NOT (PRINT^AREAl 
(PRINT_AREA|-(FILTER<)0) 
(PRINT_AREA) -(FILTERS 
(OBUF=£M'TY_FLAG) 
(OBUF( >EMPTY_FLAG) 
1 

(COL_COUNT<)OI 

(COL_COUNT-0) 

tOBUF<)EMPTY_FLAG) 

(OBUF=EMPTY_FLAG) 

{FAPERFEEDK3FF) 

(PAffiJtFBBD-ONI 

(PAPERFEEIWIFFI 



' 1 .bTl. [71 I jil- I' t-J'U 



.i^re 10. Prio^Pontrol State Transition Diasram 
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in detail. The flowcharts of the routines can he 
found in Figure 1 1 . 

The WPA, CPA, and IPO states are all associated 
with the detection of the valid start of the print 
aiea. The WPA state sets the timer ia the event 
count made so that the edge Of TjAit tern 
signal can be detected, the CPA state digitally 
filters this input once it has bee i detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initiahzes the system to start 
^ aetual printinlg of data. Th® ffiowehart shows 
tiiiat ' ttw WPA state accomplishes ^ foQowing 
actions: 

1 . Turns off the paper feed motor 

2. Sets the filter count (for the CPA state) 

3. Sets HAMDAT to zero 

4. Sets STATE to one. 

The timer is set to event count with an initiai value 
of OFFH. This will cause a timer Overflow mterrupt 
the next time a negative transition occurs on the 
TESTl input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter- 
rupt occurs. Each time the TPA (Tftst Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not, then all the actions of state zei'o are repeated 
(except turning off the motor), since a false start of 
print area has ocetwred. If the test reveals that the 
print area switch is in the proper state, then Ibe 
filter count is reiBced by one and the timer is 
started with an initial value of OFFH, the minimitm 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initiahzation of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc- 
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event rsquired cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes its 



test, there is data in the output buffer then tlje 
data is moved to the juint buffer and the outp^tt 
buffer is set to the empty value. After this is ac- 
complished, a counter is set to the number of col- 
umns to be printed per character (seven in this ca^fs 
— see comment by CGEN label in program listing)j' 
the STATE renter is set.tp the ICOL state and the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou- 
tine md placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOl- 
state, only sUghtly more compUcated than tlig 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi- 
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOPP state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 
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the paper feed switch. When this criterion is satis- 
fied the WPA state is invoked which first turns off 
the paper feed motor and then proceeds to print 
the next line of data. -'i 

The UPI-41 has been shown to be easily capable of 
controlling the LRC matrix printer with no ex- 
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 



was on clarity of operation and ease of implemen- 
tation. A careful progriinimer should be able to 
significantly reduce the amount of, code space 
needed, especSallyt idvthe pBfttM'«elvlce routine 
which duplicates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-4 1 , The extra vrnm in nwasoiyofjawMibe med 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-4 1 make such features easy to implement. 
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Figure 11. 



PSR Flowchart 



APPENDIX 



ISIS-II 
IOC c4i 



m£ mmm comoam 7/14/7 



eBMt 

FFFE 
FFFD 
FFF8 



00FF 
0007 

007F 
00BF 
01101 
0002 
000A 
0021 
0020 
0020 
0018 



SEu 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

13 
14 

ii 

17 
18 
19 

20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 



SOUIO SIATBHENT 



UPI-41 LRC PRINTER CONTROLLER 

THIS PROGRAM IMPLEMENTS THE CONTROL OF THE 
LRC PRINTER WITH THE UPI-41. DATA IS INPUT TO THE 
UPI-41 AS SIX BIT ASCII. COMMANDS ARE PROVIDED 
TO ENABLE OR DISABLE THE GENERATION OF AN 
INTERRUPT WHEN THE IflJIT IS READY 

FOR ANOTHER DATA CHARACTER. THE INTERRUPT IS ENABLED 
BY OUTPUTING 03H TO TBE CONTROL CHANNEL AND DISABLED 
BY OOTPOTING 02H. WHEN ENABLED THE INTEKRUPT 
IS IMPLEMENTED AS A POSITIVE GOING EDGE ON P25. 

NOTE: A PL/K LIKE LANGUAGE WAS USED TO COMMFMT 

THIS PROGRAM. NO COMPILER EXISTS FOR THE UPI-41. 
THE COMMENTS WERE 'HAND COMPILED' INTO UPI-41 
ASSEMBLY LANCSIAGE. 



REGISTER ASSIGNMENTS 



R7 
R6 
R5 
R4 
R3 
R2 
Rl 
R0 



*********************************************************************** 
TIMER EQUATES 




TICK EQU 

THOM EQU 

THOFF EQU 

TINTER EQU 

TLFEED EQU 

FILTV BQD 



160 

-320/TICK 
-480/TICK 
-1280AICK 

-laaa/TicK 

640/TICK 



PROGRAM MASKS 

*********************************************************************** 



EQU 



EQU 
EQU 



EMTFLG EQU 
IMAX EQU 
PFEED 
MOICW 
INTENA 
FMOEE 
EOL 

EXCLAIM 
SPACE EQU 
EXREQ EQU 
QPTMIN EDU 
BMIN BOJ 
BMAX EQU 



EJECT 



0FFH 

07H 

7FH 

0BFH 

01H 

02H 

0AH 

021H 

20H 

20H 

18H 

18B 

3PH 
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0000 

0000 1416 
0002 3479 

0004 25 

0005 2400 



0007 


2F 


0008 


37 


0009 


39 


000A 


FE 


000B 


030E 


000D 


B3 


000E 


16 


000F 


24 


0010 


40 


0011 


61 


0012 


6B 


0013 


7D 


0014 




0015 





0016 
0018 
001A 
001C 
001E 
001F 
0020 
0022 
0023 



8A80 

BE01 

BO04 

23FF 

62 

45 

2300 

2F 

93 



0024 4632 
0026 BE01 
0028 BD04 
002A 23FF 
002C 62 
002D 55 
002E 2300 
0030 043E 



SEQ 

80 
81 
82 
83 
84 
65 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 



SOURCE STATEMENT 

******* *********************************************nllr**********M 



; INITIALIZE; 

f, mCSmJW AND GO SK) 



OfiG 00H 

RESET: CALL CASE0 

CALL INIT 

EN TOSITI 

JMF BMGR 



; CXm 'mBi WD AX ioc 6 



. ***************************************************«******************4 

• START OF INTERRUPT DRIVQj MACHINE 

!*«r***************************************************Jk****************« 



ODTl, 
MOV 

ADD 
JMPP 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 



106 TISR: XCB 
107 
108 
109 
110 
111 

112 CBASE: 
113 
114 
115 

lie 

117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

m 



129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

m 

149 
150 
151 
152 
153 
154 
155 
156 
157 



CASE0:: 



ORL 

MOV 

MOV 

MOV 

MOV 

SIRT 

MOV 

XCH 



CASEl ;: 



JNTl 

MOV 

MOV 

MOV 

MOV 

STRT 

MOV 

JMP 



DO; 



A,HAHDAT 
A 

PI, A 
A, STATE 
A,#CBASE 

eA 

CASE0 
CASEl 
CASE2 
CASE3 
CASE4 
CASE5 
CASE6 
CASE? 



BAHMERS==HAHHER$DAT; 
DO CASE STATE; 



LINE */ 



P2,#(N0T 
STATE, #1 

A, #-1 
T,A 
CNT 
A,#0 

A,HAHDAT . 



DO; /*CASE 
PAPER$FEE 
STATE=1; 
ICNT=FILTV 
WAIT (PRINT$AREA) s 
HAHMER$DATA=0 ' 

SHD ; /* m> oe chSE 



EG; /* CASEl, TESTING TOR PRINT AREA */ 

IF T0=1 THEN 
DO; 

STATE=1; 
ICNT=FILTV; 

■WMSRSDAI!^; ' 



CIELS 

STATE, #1 

ICNT.lFIIflW 

A,#-l 

T,A 

T 

A,#0 
CIEND 



MX:, mj 



0032 BE02 
0034 ED38 
0036 BE01 
0038 23FF 
003A 62 
003B 55 
003C 2300 

003E 2F 
em 93 



sODBCE smmsm: 



0040 FB 

0041 D3FF 
0043 C6S5 

§il? IT 

0048 55 

0049 FB 
004A AC 
0043 BBFF 
004D BD07 
004F BEe3 

m m 



0055 BE01 
0057 23FP 

0059 62 
005A 45 
005B 8A40 
005D 2300 

005F 2F 

0060 93 



0064 55 

0065 2300 
0067 BE04 
0069 2F 
00e& 93 



158 




• 


159 






160 




5 


161 






162 






163 








MOV 




■ms 


DTNZ 


ICNT.CILA 
STftTB,#l 


166 


MOV 


167 CKA! 


MOV 




168 


MOT 




169 


SXRT 


T 


170 


MOV 


A,#0 


171 






172 CIEND: 


XCH 




ill rsa 




175 







ELSE DO; 

IClir=ICNT-l; 

IF ICtlT=0 THEN STATE=2 ELSE STATE=1; 
TIME(-l); 
H&HHER$I»X!^0; 
END; 



END; /*EUD OF CflSEl */ 



176 



MOV 

XRL 

JZ 

lOV 

NOV 

STBT 

WV 

MOV 

MOV 

MOV 

MOT 



MOV 

MOV 

MOV 

STRT 

ORL 

MOT 

XCH 



MOV 

MOV 

STRT 

MOV 

MOV 

XCH 

RETR 

EJECT 



A,OBUF 
A,#EMTFLG 
C2ELS 
A,#THCFP 
T,A 
T 

A,OBUF 

KBUF.A 

OBUF,#EMTFLG 

ICNT,#IMAX 

STATE, #3 

COLUMN 

C2HMD 



STATE, #1 

A,#-l 

T,A 

CNT 

P2,#N0T MOTON 
A,#0 



DO; /*CASE 2, INITIALIZE PiOlilT CW®TION */ 

IF obufoemptySfiag rem 

DO; 

TIME (HAMMER$OFF) ; 

PBUF=OBUF; 

OBUF=EMPTY$FLAG; 

I=IMAX; 

^TATF — ^ " 

HAHHEK$DATA=C0LUMN (PBUF , I) ; 
END; 



A,HAMnAT 



A,#THON 
T,A 

T 

A,#0 
STATE, #4 
A.HAMDAX 



ELSE DO; 
STATE=1 • 

WAIT(PRiNT$AREA) ; 

MOOOROFF: 

HAMMER$DAXA=0; 



END; /*END OF CASE 2 */ 

DO; /*CASE 3, HAMMER OFF CYCLE */ 

TIME (HAMMERSON) ; 

HAMMERSDATR=0; 

STATE=4; 
EHD; /*MD OF CASE 3 */ 
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WC OBJ 



0e6E 55 



006F ED77 
0071 BE05 
0073 2300 
0075 047B 



0077 BE03 
0079 54E0 

007B 2F 
007C 93 



0080 55 



0081 FB 

0082 D3FF 
0084 C692 

0086 FB 

0087 AC 

0088 BBFF 
008A BD07 
008C BE03 
008E 54E0 
0090 049C 



0092 23FA 

0094 62 

0095 55 

0096 9A7F 
0098 BG06 
009A 2300 

009C 2F 
009D 93 



CASE4: 



SEQ 

228 
229 

m 

232 
233 
234 
235 
236 
237 
238 
239 
240 
241 



244 
245 
246 

247 C4ELS: 

248 

249 

250 C4END: 
251 
252 
253 

254 CASE5: 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 

i§§ 

290 
291 



C5ELS: 



C5END: 



MOV 
MOV 

sm: 



IXIUZ 
MOV 
MOV 
JHP 



MOV 
CALL 



MOV 
MOV 
STKT 



MOV 

XRl 

JZ 

MOV 

MOV 

MOV 

MOV 

MOV 

CALL 

JHP 



MOT 

MOV 

STRT 

ANL 

MOV 

MOV 

XCH 
BETR 

EJECT 



|,|fHOFF 



ICNT,C4e£s 
STATE, «5 



OdLDHN 



T,A 
T 



A,OBUF 

.n,!=iJ--iT7LG 

C5ELS 

A,OBUF 

PBUF,A 

OBUF,#EMTFLG 
ICNT,#IMAX 
STATE, #3 
COLUMN 
C5END 



a,#tlfee6 

T,A 

T 

P2,#PFEED' 
STATE, #6 
A,#0 

a.^hdat' 



DO; /*CASE 4,PRXNTING COL I OF CHAR */ 
TIME(HAMMER$0FF); 



1=1-1: 

IF 1=0 THEN 

DO; 

STATE=5 • 
HAMHEfi$6AlA=0; 
END 



ELSE DO 



L=C0L£3MN(I®0F,I); 



END; 

END; /* END OF CASE 4 */ 

DO; /*CASE 5, INTERCHARACTER SPACE */ 
TIME(IMTEB$CHAR); 



IF OBUP<>EMPTy$FLftG THEN 
DO; 

PBUFOBUF; 

OBUF=EMFTY$FLftG; 

I=IMAX: 

HAMMER$fiATA=COLaHN(mJF,I) ; 

END; 



ELSE DO; 

TIMEiLINESFEED) ; 

FAPEB$FEED=ON; 

STKrE=6: 

BAMMER$DATA=0; 
END; 



EaSD; /* END OF CASE 5*/ 



T 



2-19 



mc OBJ 



















294 












296 




1 


297 










9QQ 


00A1 


55 


300 


00ft 2 


26A8 


301 


00A4 


BE07 


302 


00A6 


04AA 


303 






304 




1 














JI0 / 






JUO 






■300 














00 AD 










"31 "3 






314 






315 






316 






317 






318 






319 


_ 




320 




CO 








"30*3 


VVD^ 


JO DO 




00B4 


B£00 


jz4 


I0I013O 


l04oA 


■3*31; 












TOT 






328 






329 






330 


0gfi8 


BE07 


331 


00BA 


2300 


332 


00BC 


2F 


333 


00BD 


93 


334 






335 






336 






337 






338 






339 






340 












342 






343 






344 






345 






346 






347 






348 






349 






350 






351 






352 






353 






354 






355 






356 






357 






358 






359 






360 






361 


0100 




362 






363 


0100 


D647 


364 


0102 


7636 


365 


0104 


9ABF 


366 


0106 


F8 


367 


0107 


3470 


368 



souBCE swmsm 



MOV 

MOV 

STRT 

JNM 

MOV 

JMP 



MOV 
XCH 
RETR 



MOV 

MOV 

STRT 

JT0 

NOV 

sum 

-.1. ,»:;■••: 



MOV 
MOV 
XCH 



T,A 

T 

C6ELS 

STATE,#7 

C6END 



T,A 
T 

C7EI£ 

STATE,t0 

C7END 



STATE, #7 
A,#0 

A.HAMQAT 



BMGR 



DO; /*CASE 6, WAITING FOR FEED ON */ 
TIME(LINESF£ED) ; 
IF PFS=1 THEN 

STATE*7; 
END; 



HAMMER$DATA=0; 
END; /*END OF CASE 6 



rjBB «. WAITING FOR PEED OFF */ 
jLlNESFEED) ; 
IF PFS=0 THEN 
DO; 

STATE=0; 



ELSE DO; 

STATE=7; 
END; 

HAHHER$DATi^0; 
END; /*END OF CASE 7 */ 



END; /* END OF CASE mOCK */ 



; This SEGMENT CONTROLS THE HANDSHAKING BETWEEN THE 
; COMTIOLLER AND THE MASTER PHXESSOR. 

I**«**«*IHMt#« « i|l' «l lijii»«***«*«**»*«***«*«llr**«*****l>**^^ 



-OA* 



/BMGR-BUFFER MANAGER*/ 
DO; 

IF IBF=FULL THEN 
DO: 

IF TYPE=DATA THffl 
DO; 

M0TQEH3N: 



ORG 

^fNIBF 

JFl 

/JSiL 

MOV 

GMJu 



100H 

BBPRT 
BBCMD 

p2,#MaroN 

A,INaJT 
INQQIV 
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LOC OBJ 



SOCffi£E Si»XEHENT 



0109 

em 

010C 
010D 
010E 
01I9F 
Bill 
0112 
0114 
0116 
0118 
011A 
011C 
011E 
0120 
0122 
0124 
0126 
0128 
012A 
012B 
012C 
012E 
0130 
0132 
0134 



D9 

C647 

IS 

A8 

0A 

3216 

22 

9ADF 

2418 

2320 

D30A 

9620 

8A02 

2428 

D30A 

D228 

B228 

2321 

533F 

A0 

F8 

D33F 
9647 
9AFD 
B918 
2447 



0136 22 

0137 9ADF 
0139 5303 
013B 323F 
013D 2447 
013F 1245 
0141 9AFE 
0143 2447 
0145 8A01 



369 

370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 

394 BBU: 
395 

396 

397 
398 
399 
400 
401 
402 

403 FILL: 

404 BBLIA: 
405 

406 
407 

408 BBLIB: 

409 

410 

411 

412 BBLIC: 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 BBCMD: 

427 

428 

429 

430 

431 BBL2: 

432 

433 

434 BBL3: 

435 $ 



m 

JBl 

IN 

mh 

JiVlP 
MDV 
XRL 
JNZ 
ORL 
JMP 
XRL 
JB6 
JB5 
MOV 
ANL 
KOV 

mv 

jm 

ANL 
HOW 
JMP 



IN 

ANL 

ANL 

JBl 

JMP 

JB0 

ANL 

JMP 

(M, 



IF TEHP<XXJT$FOINT THEN 

lN$K)INa>TEMP; 

IF FILL^CDG^CM THEN 

DO; 

^^^^^^BUFFER- 
HJDs 

IF TEMP=EOL THEN 
DO; 

PILLSMODE=CWI; 
TEMP=SPACE; 
END! 

IF TEMP=CONIira^SCX)DE THEN TEMP=' ! ' 
BUFFERm^^g^iSHP AND 03fB; 
IF IN$K)I8T'^^i£K$HUC THEN 
DO; 



A,OUTHir 
BBFBT 

A,P2 

FILL 
A.DBB 

P2^|N0T(EXRBQ) 

A,#SPACE 

A,#EOL 

BBLIB 

P2.#FM0DE 

BBLIC 

A.#EOL 

BBLIC 

BBLIC 

A,#EXCLAIM 

A,#03FH 

(JINPNTjA 

A,INPNT 

A,#BMAX 

BBPRT 

P2 JtNCtt FMODE 
OOTBiTjtBMIN 
BBE«I 



} 
t 

A.DBB 

P2j|N0T(EXBBQ) 

b6l2 

BBPRT 
BBL3 

P2i#N0T INTENA 



ELSE DO; /*TyPE IS COMMAND*/ 
INTERRUPr=OFF; 

IF (PORT0 AND 3) =2 THEN INTENA=OFF; 
IF(K)Kr0 AND 3) =3 THEN INTENA=ON; 
END; 
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LOC OBJ 



0147 FB 

0148 D3FP 
014A 9e5E 
014C F9 
014D D318 
014F 9658 

0151 FE 

0152 03FD 
0154 F258 
0156 245E 

0158 P9 

0159 D25E 
015B Fl 
015C AB 
015D 19 



015E F8 
015F 3470 

0161 D9 

0162 ce00 

0164 0A 

0165 37 

0166 1200 
0168 326C 
016A 2400 



SOURCE STATEMENT 



MOV 
XSL 
JC4Z 
MOV 



m 

CPL 
JB0 
JBl 
JMl' 



A,CBUF 
A,#EMTFLG 
BIOT 
A,OUTPNT 
A,#QPIMIN 
BBPiiTA 
A,STATE 
A,#-3 



BINT 

A.OUTPNT 

BINT 

A.gOOTPMT 

CBOF.A 

OUIIWT 



IF OBUF=EMPrY$FLAG AND {OUT$POINT<>BHIN OR STATE- 
DO; 

IF OUT$POINT<=BUFFER$MAX THEN 
DO; 



END; 
END; 



OBUF=BIN iOUT$ POINT) ; 
POTSK)INT=0UT$P0INT+1 ; 



END 



TEMP=INCQPT (INraT) ; 

IF TEMP<XXJT$POim' THEN 

DO; 

IF INTQlA=<»j MSID fm}E=OFF THEN INTEBBQEaXIN; 
END; 
END; 



A,INPNT 

INCUPT 

A,OUTPNT 

Bim. 

A,P2 
A 

BMSR 

SETINT 

BMGR 

g2i#EXREQ 



0170 0301 
0172 D275 

0174 83 

0175 2318 
0177 A7 
D178 83 



ADD 
JB6 
REl' 
MOV 
CPL 
BEX 



A,#l 
ADJUST 

A,#C»IMI6I 

C 



PRXEDURE INCQPT(A,CARRY) ; 
DO; 

A=A MOD BUFFER LENGTH+BUFFER MIN; 
IF A=BUFFER MIN IHEN CARRY=1T 
END; 



0179 BBFF 
017B B940 
017D B83f 
017F 23P0 

0181 3A 

0182 22 

0183 83 



PPDCEDURE INIT; 
DO; 

OBUF=EMITY$FLAG; 
OUT$POINT=BUFFEIi$MAX+l; 
IN$POINT=BUFFER$MAX; 
MOIOROFF: 
PAPER$FEEf>=OFF; 
FILL$M0DE=OFF; 
INTERRUPT$MASK=OFF ; 
BUS$BUFFEI^0; 
END; 
0BUF,#EMTFLG 
0UTPNT,#BMAX+1 
INPNT,iBMAX 
A^#0F0H 



EJECT 



2-22 



-t - 



LOC OBJ 



02fi0 



02E0 FC 
02E1 85 
02E2 B2E5 
02E4 95 
02E5 531F 
02E7 AC 
02E8 E7 
02E9 E7 
02EA E7 
02EB 37 
02EC 6C 
02ED 6D 
02EE 37 
02EF 0307 
02F1 B6F9 
02F3 E3 
02F4 2C 
02F5 4320 
02F7 2C 
02F8 83 
02F9 A3 
02FA 83 



525 
526 
527 
528 
529 
530 

ni 

533 
534 
535 
536 
537 
538 

540 
541 
542 
543 
544 
545 
546 
547 
546 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 



SOURCE STATEMENT 

.*********************»****************************************** 

r 

■ COLUMN IS CALLED WITH ICNT EQL TO THE CURRENT COLUMN NUMBER 

; AND PBUE'F E^L TO THE CHARACTER TO BE CONVERTED. 

; COLUMN EETORNS THE APPROPRIATE COLUMN OF DATA FROM THE 

; CHaIaCW ^MPER table. COLUMN IS IN PAGE 2 

; POLLOMM WmWeS HALF OF THE i^^. 

1 



Hi' 



ORG 



2E0H 



COLUMN: 


MOV 
CIK 


A.PBUP 
F0 




JB5 


NOSET 




CPL 


F0 


NOSET: 


AML 


A.#01FH 
PBUF,A 




MCiV 




EI, 


A 




RI, 


A 




RI. 


A 




CPL 


A 




ADD 


A,PBUF 




ADD 


A,ICN1' 




CPL 


A 




ADD 


A,#7 




JF0 


PAG2 




MC)VP3 


A,(dA 




XCH 


A,PBUF 
A,#20H 




OEL 




XCH 


AjPBOF 




RET 


PAG2: 


MOVP 


A,@A 




RET 



HOCEDDia: COLtMJ (I>irNT$BUFFER,ICNT) ; 
DO; 

FLAG0=NOT PRINT$BUFFER[5] ; 

PRINT$BUFFER[5]=0; 

TEMP=7* (PBUF+lJ -ICNT 

IF FLAG0OFF THEN 

DO; 

TEMP=MP3(TEMP) : 
PRINTSBUFFER[5] =1; 
END: 

ELSE DO; 

TEMP=MI'2(TEMP) ; 
END; 
END; 



*******************************#«'*********#^^ 

CHARACTER GENERATER TABLES. 

THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLLOWING THIS HALF 
IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABI* IS 
IN PAGE 3, THE PLACEMEN OF THESE TABLES IS TO TMCB 
ADVANTAGE OF THE MCS-41 MOVP AND iyDVP3 INSTRUCTlCNS. 

THE CHAf ACTEKS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF DOTS. EACH DOT POSITION CORRESPONDS 

10 ONE KALF THE NORMAL DOT' SPACING OF THE LHC PRINTER. 

TO PREVEOT' EXCEEDING THE "BANDWIDTH" OF THE SOLENOIDS 

THE CHABACTERS ARE FORMED SO THAT THE SAME SOLENOID IS 

NOT ENERGIZED TWICE IN SUCCESSION. CONSTESBCSDSG THE 

TABLE IN THIS MANNER ALLOWS liEJOBtftTION CSP A CHARACTER IN ONLY 

4 PRINT COLUMNS SINCE THREE CFlHE DOTS Will; APPEAR BETWEEN 

NORMAL COLUMN POSITIONS. 

THE COM^iENT FIELD OF THE TABLE SHOWS THE BIT PATTERN OF THE 
CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISTORTION OF THE CBARACTERS BUT THE PATIERN IS STILL DISCERNABLE. 



« .. .^UK OBJ 



mm 

0200 Etc 

0201 22 

«i 

0204 01 

0205 48 

0206 00 

0207 0F 

0208 10 

0209 24 
020A 40 
020B 24 
020C 10 
020D 0F 



020E 7F 
020F 00 

0210 49 

0211 00 

0212 08 

0213 55 

0214 22 

0215 3E 

0216 41 

Mil I! 
ii^ IS 

02lB 22 

021C 7P 
021D 00 
021E 41 
021F 00 

0220 00 

0221 41 

0222 3E 

0223 7F 

0224 00 

0225 49 

0226 00 

0227 49 

0228 00 

0229 41 

022A 7F 
022B 00 
022C 48 
022D 00 
022£ 48 



0231 3E 

0232 41 

0233 00 

0234 41 

0235 04 

0236 41 

0237 26 



+ ■* f* 



. sm . 

601 
602 
603 

m 

606 



609 
610 

613 
614 
615 
616 
617 
618 

•iil 

621 

625 

627 

P 
630 
631 



634 
635 
636 
637 
638 
639 

m 

642 

P 
645 

'€4ig 

650 
651 
652 
653 
654 
655 
, 656 
657 
658 
659 
660 
661 
662 
663 
664 
665 • 

f Sfi. • ■ 

667 
668 
669 
670 $ 



->vjr*k*.ft Ate- •« > 



OGG 200H 



DB 0CH 

DB 22H 
-Pi.,- 41H 

m 58H 

IS 01H 

DB 48H 

PB 00H 

DB 0FH 

DB 10H 

DB 24H 

DB 40H 

DB 24H 

DB 10H 

DB em 



* 

* * 

**** 
* * 

* 

**** 

******* 

* * * 
* 

* * * * 



DB 7FH 

DB 00H 

DB 49H 

DB 00H 

DB 08H 

DB 55H 

DB 22H 

DB 3EB 

DB 41H 

DB 00H 

DB 41H 

DB 00H 

DB 41H 

DB 22H 

DB 7FH 

DB 00H 

DB 41H 

DB 00H 

DB 00H 

DB 41H 

DB 3EH 

DB 7FH 

DB 00H 

DB 49H 

DB 00H 

DB 49H 

DB 00H 

DB 41H 

DB 7FH 

DB 00H 

DB 48H 

DB 00H 

DB 48H 

DB 00H 

DB 40H 

DB 3EH 

DB 41H 

DB 00H 

DB 41H 

DB 04H 

DB 41H 

DB 26H 

EJECT , _^ , 



***** 
******* 



******* 



[A] 



IC] 



vm 



[E] 



IF] 



[GI 



ux: OBJ 

0238 7F 

0239 00 
023A 08 
023B 00 
023C 08 
023D 00 
023E 7F 

023F 00 

0240 41 

0241 00 

0242 7F 

0243 00 

0244 41 

0245 00 

0246 02 

0247 01 

0248 00 

0249 01 
024A 00 
024B 01 
024C 7E 

024D 7F 
024E 00 
024F 04 

0250 14 

0251 22 

0252 41 

0253 00 

0254 7F 

0255 00 

0256 01 

0257 00 

0258 01 

0259 00 
025A 01 

025B 7F 
025C 40 
025D 20 
025E 18 
025F 20 

0260 40 

0261 3F 



0262 7F 

0263 20 

0264 10 

0265 08 

0266 04 

0267 00 

0268 7F 

0269 3E 
026A 41 
026B 00 
026C 41 
026D 00 
026E 41 
026F 3E 

0270 37 

0271 00 

0272 46 

0273 00 

0274 00 

0275 48 

0276 30 

0277 3E 

0278 41 

0279 00 
027A 40 
027B 05 
027C 42 
027D 3D 



671 


ce 


7FH 


• ******* 


672 


DB , 


00H 




673 


IB 


08H 


■ * 


674 


Effi 


00B 




675 


DB 


08H 


■ * 


676 


OB 


00H 


; 


677 


DB 


7FH 


■ ******* 


678 








679 


DB 


00H 


; 


680 


DB 


41H 


. * * 


681 


DB 


00H 


; 


682 


DB 


7FH 


. ******* 


683 


OB 


00H 


J 


684 


m 




* * 


685 


DB 


em 




686 








687 


DB 


02H 


• * 


688 


DB 


01H 


i * 


689 


DB 


00H 




690 


DB 


01H 


. * 


691 


DB 


00H 




692 


DB 


01H 


. * 


693 


DB 


7EH 


'. ****** 


694 








695 


DB 


7FH 


. ******* 


696 


DB 


00H 


; 


697 


DB 


04H 


* 




UD 




1 * * 


699 


DB 


22H 


* * 


700 


DB 


41H 


i * * 


701 


IB 


00H 


; 


702 








703 


OB 


7FH 


. ******* 


704 


DB 


00H 


; 


705 


DB 


01H 


. * 


706 


OB 


00H 


• 


707 


OB 


01H 


. * 


708 


OB 


00H 


; 


709 


DB 


01H 


J * 


710 
711 


DB 


IFH 


******* 


712 


DB 


40H 


# 


713 


IB 


20H 




714 


OB 


18H 


' ** 


715 


IB 


20H 


' * 


716 


OB 


40H 


C * 


717 


ce 


3FH 


J ****** 


718 








719 








720 


OB 


7ra 


. ******* 


721 


OB 


20H 


1 * 


722 


DB 


10H 


1 * 


723 


OB 


08H 


1 * 


;724 


DB 


04H 


c * 


725 


OB 


00H 


- 


726 


OB 


7FH 


. ******* 


727 
728 


OB 


3EH 


***** 


729 


IB 


41H 


1 * * 


730 


OB 


00H 


; 


731 


DB 


41H 


; * * 


732 


IB 


00H 


• 


733 


DB 


41H 


. * * 




DB 


3EU 


1 ***** 


735 








736 


DB 


37H 


. *** ** 


737 


IB 


00H 


■ 


738 


IB 


48H 


. * * 


739 


DB 


00H 




740 


OB 


00H 




741 


IB 


48H 
30H 


' * * 


742 


DB 


1 ** 


743 








744 


DB 


3EH 


***** 


745 


OB 


41U 


1 * * 


746 


OB 


00H 




747 


IB 


40H 


C * 


748 


DB 


05H 


1 * * 


749 


DB 


42H 


c * * 


750 


DB 


3DH 


1 * **** 



; IH] 



; [I] 



; IJ] 



; [K] 



s m 



; 10] 



; [PI 



; [Q] 



2-25 



LOC OBJ 



027E 7F 
027F 00 

0280 48 

0281 00 

0282 04 

0283 4A 

0284 31 

0285 32 

0286 49 

0287 00 
0286 49 
0289 00 
028A 49 
028B 26 



028C 40 
028D 00 
028E 40 
028F 3F 

0290 40 

0291 00 

0292 40 

0293 7C 

0294 02 

0295 01 

0296 00 

0297 01 

am 7c 
(am 78 

029fi 04 

029C 02 
029D 01 
029E 02 
029F 04 
02A0 78 

02A1 7E 
02A2 01 
02A3 02 
02A4 0C 
02A5 02 
02A6 01 
02A7 7E 

02A8 41 
02A9 22 
02AA 14 
02AB 08 
02AC 14 
02m 22 

esm 41 

02AF 40 T 
02B0 20 
02B1 10 
0F 

em 10 ' 
am 20 

02B5 40 



SEQ 

751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 



768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 
810 
811 
812 
813 
814 

1 



souBCE smmasa 



DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
IB 



OB 
IB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
LB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



7FH 
00H 
48H 
00H 
04H 
4AH 
31H 

32H 
49H 
00H 
49H 
00H 
49H 
26H 



40H 
00H 
40H 
3FH 



40H 

7CH 
02H 
01H 
00H 
01H 
02H 
TOi 

78H 
04H 
02H 
01H 
02H 
04H 
78H 

7EH 
01H 
02H 
0CH 
02H 
01H 
7EH 

41H 
22H 
14H 
08H 
14H 
22H 
41H 

40H 
20H 
10H 
0FH 
10H 
20H 
40H 



******* 



**** 
****** 



* * 
* 

* * 



u 

;s 

it- 



} [R] 



[S] 



IT] 



; 10] 



ivi 



IW] 



; [X] 



m 



2-26 



WC OBJ 

02B6 41 
02B7 02 
02B8 45 
02B9 08 
02BA 51 
02BB 20 
02BC 41 

02BD 7F 
02BE 00 
02BF 41 
02C0 00 
02C1 41 
02C2 00 
02C3 41 

02C4 40 
02C5 20 

mil 

Idles 04 
02C9 02 
02CA 01 

02CB 41 
02CC 00 
02CD 41 
02CE 00 
02CF 41 
02D0 00 
02D1 7F 

02D2 00 

02D3 04 

02D4 08 

02D5 10 

0206 08 

eSDl 04 

£1208 00 

02D9 01 
02DA 00 
02DB 01 
02DC 00 
02DD 01 
02OE 00 
02OP 01 



0300 



0300 00 

0301 00 
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NEW PRODUCT INFORMATION 
8251 A 



The industry standard USART, the Intel* «2S1 has now been Irappwed V«l is called 825,1A. It is packed with features 
and enhancements as described below, bitwi the 8251A consldiBrafeily stniplifl;es progfamming and minimizes CPU 
overhead even f uiitfier. , 



PEATUDES AND ENHANCEMENfS ' 

8251A is an advanced design of the industry standard 
USART, the Intel* 8251. The 8251A operates with an 
extended range of Intel microprocessors that includes 
the new 8085 CPU and maintains compatibility with the 
8251. Familiarization time is minimal because of com- 
patibility and Involves only knowing the additio/^al 
features and enhancements, and reviewing Ihd AC and 
DC specifications of the 8251 A. 

The 82S1A Incorporates all the key features of the 8251 
and haa< the following additioi^al features and 
Shhancefnentis: 

• 8251 A has double-buffered data paths with 
separate I/O registers for control, status, Data In, 
and Data Out, which considerably simplifies con- 
trol programming and minimizesi CPU overhead. 

• In asynchronous operations, the Receiver detects 
and handles "break" automatically, relieving the 
CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted ir|terrupts from a disconnected USART. 

• At the conolusion of a transmtsistOA, Tirf^ Um. Mil 
always return to the marldng state unless SBRK Is 
prograanmeO. 



• 1^ > Enable- logic 'enhancement prevents a Tx 
Disable command from halting transmission until 
all data previously written has been transmitted. 
Th9.lpgi{B ^Iso prevents the transmitter from turn- 
ing off in the middle of a word. 

• When External Syne Detect is programmed, Inter- 
nal Sync Detect is disabled, and an External Sync 
Detect status Is provided via a flip-flop which 
clears itself upon a status read. 

• Possibility of false sync detect Is minimized by 
ensuring that if double character sync is pro- 
grammed, tj;i,e characters be contiguously 
dbt'ebt^ andafso by cteiarlng the Rx register to all 
ones whenever Enter Hunt command is issued in 
Sync mode. 

• As long as the 8251A is not selected, the RD and 
WR do not affect the Internal operation of the 
device. 

• The 8251 A Status can be read at any time but the 
status update will be inhibited during status read. 

• The 8251A is free from extraneous glitches and 
has enhanced AC and DC characteristics, pro- 
viding higher speed and better operating margins. 

• !|^tUd fate from DC to 64K. 

• Fully compatible with Intel's new industry stan- 
dard, the MCS-8S. 
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INTRODUCTION 

The Intel 8251 is a Universal Synchronous/Asyn- 
chronous ReceiverjrrraBsniitter (USART) which is 
capable of operating with a wide variety of serial 
communication formats. Since many peripheral 
devices are available with serial interfaces, the 8251 
can be used to interface a microcomputer to a 
broad spectrum of peripherals, as well as to a serial 
communications channel. The 8251 is part of the 
MCS-80''''^ Microprocessor Family, and as such it is 
capable of interfacing to the 8080 system with a 
aiinttMn &t external hardware. 

iiiis apphcation note describes the 8251 as a com- 
ponent and then explains its use in sample applica- 
tions via several examples. A specific use of the 
8251 to facilitate communication between two 
MCS-80 systems is discussed in detail from both 
the hardware and software viewpoints. The first 
two sections of this application note d^esHtifee the 
8251 first froia a functional standpoint and then 
on a detailed idvel. The functidn of each input and 
output pin is fully defined. The next section de- 
scribes the various operating modes and how they 
can be selected, and finally, a sample design is dis- 
cussed using the 8251 as a data link between the 

COMMUNICATION FORMATS 

Serial communications, either on a data link or 
with a local peripheral, occurs in one of two basic 
formats; asynchronous or synchronous. These for- 
mats are similar in that they both require framing 
information to be added to the data to enable 
proper detection of the character at the receiving 
end. The major difference between the two for- 
mats is that the asynchronous format requires 
framing information to be added to each character, 
while the synchronous format adds framing infor- 
mation to blocks of data, or messages. Since the 
synchronous format is more efficient than the 
asynchronous format but requires more complex 
decoding, it is typically found on high-speed data 
links, while the asynchronous format is used on 
lower speed lines. 

The asynchronous format starts with the basic data 
bits to be transmitted and adds a "START'" bit to 
the front of them and one or mere "STOP" bits 
behind them as they are transmitted. The START 
bit is a logical zero, or SPACE, and is defined as 
the positive voltage level by RS-232-C. The STOP 
bit is a logical one, or MARK, and is defined as the 
negative voltage levtS bf RS-232-C. In current loop 
applications I eMnsal 1©* noiawally Indicates a 
MARK and kck'bf curreiit a SPACE. The START 
bit tells the receiver to start assembhng a character 
and allows the receiver to synchronize itself with 
the transmitter. Siace tbis s^chronization only 

i 



liSs'to f^t Tor the duration of the character (the 
next character will contain a new START bit), this 
method works quite well assuming a properly 
designed receiver. One or more STOP bits are 
added to the end of the character to ensure that 
the START bit of the next eharacter will cause a 
transition on the comtnunication line and to give 
the receiver time to "catch up" witb the transmit- 
ter if its basic clock happens to be running slightly 
slower than that of the transmitter. If, on the other 
hand, the receiver clock happens to be running 
slightly faster than the transmitter clock, the re- 
ceiver will perceive gaps between characters but 
will still correctly decode the data. Because of this 
tolerance to minor frequency deviations, it is not 
necessary that the transmitter and receiver clocks 
be locked to the identical freq^enqy^.i^r successful 
asynchronous communication. 

The synclironous format, instead of adding hits to 
each character, groups characters into records and 
adds framing characters to the record. The framing 
characters are generally known as SYN characters 
and are used by the receiver to deterinine where 
the character boundaries are in a string of bits. 
Since synchronization must be held over a fairly 
long stream of data, bit synchronization is nor- 
mally either extracted from the communication 
channel by the modem or supplied from an ex- 
ternal source. 

An example of the synchronous and asynchronous 
formats is shown in Figure 1. The synchronous 
format shown is fairly typical in that it requires 
two SYN characters at the start of the message. 

The asynchronous format, also typical, requires a 
START bit preceding each character and a single 
STOP bit following it. In both cases, two 8-bit 
characters are to be transmitted. In the asynchro- 
nous mode 10*n bits are used to transmit n charac- 
ters and in the synchronous mode 8N + 1 6 bits are 
used. For the example shown the asynchronous 
mode is actually more efficient, using 20 bits 
versus 32. To transmit a thousand characters in the 
asynchronous mode, however, takes 10,000 bits 
versus 8,016 for the synchronous format mode. 
For long messages the synchronous format be- 
comes much more efficient than the asynchronous 
format; the crossover point for the examples 
shown in Figure 1 is eiglit ch^sctwS:. for which 
both formats require 80 bits. 

In addition to the differences in iMnat between 
synchronous and asynchronous cMUsanication, 
there are differences with regards tt> the type of 

modems that can be used. Asynchronous modems 
typically employ FSK (Frequency Shift Keying) 
techniques which simply generate one audio tone 
for a MARK and another for a SPACE. The receiv- 
ing modem detects these tones on the telephone 
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Figure 1. Transmission Formats 



line, converts them to logical signals, and presents 
them to the receiving terminal. Sirce the modem 
itself is not concerned with the transmission speed, 
it can handle baud rates from zero to its maximimi 
speed. Synchronous modems, in contrast to asyn- 
chronous modems, supply timing information to 
the terminal and require data to be presented to 
them in synchronism with this timing information. 
Synchronous modems, because of this extra clock- 
ing, are only capable of operating at certain preset 
baud rates. The receiving modem, which has an 
oscillator running at the same frequency as the 
transmitting modem, phase locks its clock to that 
of the transmitter and interprets changes of phase 
as data. 

In some cases it is desirable to operate in a hybrid 
mode which involves transmitting data with the 
asynchrbtious format using asynchronous modem. 
This occurs whefl an increase in operating s^d fe 
required without' a change in the basic protocol of 
the system. This hybrid technique is known as 
isosynchronous and involves the generation of the 
start and stop bits associated with the asynchro- 
nous format, while still using the modem clock for 
bit synchronization. 

The 8251 USART has been designed to meet a 
broad spectrum (Of requirements in the synchro- 
nous, asynchronous, and isosynchronous modes. In 
the synchronous mode the 8251 operates with 5, 

6, 7, or 8-bit characters. Even or odd parity can be 
optionally appended and checked. Synchronization 
can be achieved either externally \ia added hard- 
ware or internally via SYN character detection. 
SYN detection can be based on one or two charac- 
ters which may or may not be the same. The single 
or double SYN characters are inserted into the 
data stream automatically if the software fails to 
supply data in time. The automatic generation of 
SYN characters is required to prevent the loss of 
synchronization. In the asynchronowmede the 
8251- operates with the same data aod.'parity frac- 
tures as it does ih the synchronous mode. In addi- 
tion to appending a START bit to this data, the 



8251 appends 1. \Vi, or 2 STOP bits. Proper fram- 
ing is checked by the receiver and a status flag set 
if an error occurs. In the asynchronous mode the 
USART can he programmed to accept clock rates 
of 16 or 64 times the required baud rate. Isosyn- 
chronous operation is a special case of asynchro- 
nous with the multipUer rate programmed as one 
instead of 16 or 64. Note that XI operation is only 
valid if the clocks of the receiver and transmitter 
are synchronized. 

The 8251 USART can transmit the three formats 
in half or full duplex mode and is double-buffered 
internally (i.e., the software has a complete charac- 
ter time to respond to a service request). Although 
the 825 1 supports basic data set control signals 
(e.g., DTK and RTS), it does not fully support the 
signaling described in EIA-RS-232-C. Examples of 
Unsuppbrted signals are Carrier Detect (CF), Ring 
ittchcatdr (CE), and the secondary channel signals. 
Bi some cases an additional port will be required to 
implement these signals. The 8251 also does not 
interface to the voltage levels required by EIA- 
RS-232-C; drivers and receivers must be added to 
accomplish this interface. 

BLOCK DIAGRAM 

A block diagram of the 8251 is shown in Figure 2. 
As can be seen in the figure, the 8251 consists of 
five major sections which communicate with each 
ottler on an internal data bus. The five sections are 
ttle feceiver, transmitter, modern control, read/ 
write control, and I/O Buffer. In order to facilitate 
dfeeussion, the I/O Buffer has been shown broken 
down into its three major subsections: the status 
buffer, the transmit data/command buffer, and the 
receive data buffer. 

Receiver 

The receiver accbpts serial data on the RxD pin and 
converts it to parallel data according to the appro- 
priate format. When the 8251 is in the asynchro- 
nous mode and it is ready to accept a character 
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(i.e., it is not in the process of receiving a cliarac- 
ter). it looks for a low level on the RxD line. When 
it sees the low level, it assumes that it is a START 
bit and enables an internal counter. At a count 
equivalent to one-half of a bit time, the RxD Une is 
sampled again. If the line is still low, a valid 
START bit has probably been received and the 
8251 proceeds to assemble the character. If the 
RxD line is high when it is sampled, then either a 
noise pulse has occurred on tlie line or the receiver 
has become enabled in the middle of the transmis- 
sion of a character. In either case the receiver 
aborts its operation and prepares itself to accept a 
new character. After the successful reception of a 
START bit the 8251 clocks in the data, parity, and 
STOP bits, and then transfers the data on the 
internal data bus to the receive data register. When 
operating with less than 8 bits, the characters are 
right-justified. The RxRDY si^al is asserted to 
indicate that a character is available. 

In the synchronous mode the receiver simply 
clocks in the specified number of data bits and 
transfers them to the receiver buffer register, 
setting RxRDY. Since the receiver bhndly groups 
data bits into characters, there must be a means of 
synchronizing the receiver to the transmitter so 
that the proper character boundaries are main- 
tained in the serial d^ta stream,, This synchroniza- 
tion is achieved in th&HtJJiT incline. 

Ia-tbevBUNl<iiQo4e ttie ^2Sl sMf^-im data on the 



RxD line one bit at a time. After each bit is re- 
ceived, the receiver register is compared to a regis- 
ter holding the SYN character (program loaded). 
If the two registers are not equal, the 825 1 shifts in 
another bit and repeats the comparison. When the 
registers compare as equal, the . 825 1 ends the 
HUNT mode and raises the SYNDET Ime to indi- 
cate that it has achieved synchronization. If the 
USART has been programmed to operate with two 
SYN characters the process is as described above, 
except that two contiguous characters from the 
line must compare to the two stored SYN charac- 
ters before synchronization is declared. Parity is 
not checked. If the USART has been programmed 
to accept external synchronization, the SYNDET 
pin is used as an input to synchronize the receiver. 
The timing necessary to do this is discussed in the 
SIGNALS section of this note. The USART enters 
the HUNT mode when it is initialized into the 
synchrotidus mode or when it is eoWiMiided to do 
so by the command lolMictioift. B^ote the receiver 
is operated, it mQSt%e effabled by the RxE bit (D2) 
of the command instructions. If this bit is not set 
the receiver will not assert the RxRDY bit. 

Transmitter 

The transmitter accepts parallel data from the 
processor, adds the appropriate framing informa- 
tion, serializes it, and transmits it on the TxD pin. 
In the; asynchronous mMe the transmitter always 



adds a START bit; depending on how the unit is 
programmed, it also adds an optional even or odd 
parity bit, and either 1 , 1 Vi, or 2 STOP bits. In the 
synchronous mode no extra bits (other than parity, 
if enable) are generated by the transmitter unless 
the computer fails to send a character to the 
USART. If the USART is ready to transmit a char- 
acter and a new character has not been supplied by 
the Goniputer, the USART wiD transmit a SYN 
character. This is necessary since synchronous 
communications, unlike asynchronous communica- 
tions, does not allow gaps between characters. If 
the USART is operating in the dual SYN mode, 
both SYN characters will be transmitted before the 
message can be resumed. The USART will not 
generate SYN characters until the software has sup- 
plied at least one character; i.e., the USART will 
Bll 'holes' in the transmission but will not initiate 
lianmiission itself. The SYN characters which are 
to tie ttltossmlttfeo the 'USART are specified by 
the s©ft#are during the initialization procedure. In 
either the synchronous or asynchronous modes, 
trans mission is inhibited until TxEnable and the 
CTS input are asserted. 

An additional feature of the transmitter is the abil- 
ity to transmit a BREAK. A BREAK is a period of 
cc|Btinuous SPACE on the communication Une and 
is "used in full duplex communication to interrupt 
tl^ transmitting terminal. The 8251 USART will 
ttaa^t a RREAK condition as long as ttit I 
(^RK) of the C(|nunand register is set. - - — 

Modem Control i 

The mod em c ontrol section provides for t he gener- 
ation of RTS and the reception of CTS. In addi- 
tion, a general purpose output and a general pur- 
pose input are provided. The ou :p ut is labeled f — 
DTR and the input is labeled DSF:. DTR can be 
assert ed by setting bit 2 of the command instruc- 
tion; DSR can be sensed as bit 7 of the status 
register. Although the USART itself attaches no 
special significance to these signals, DTR (Data 
Terminal Ready) is normally assigned to the 
modem, indicating that the terminal is ready to 
Communicate and DSR (Data Set Ready) xs a signal 
from the moderii indicating that it is ready for 
communications. I 

! 

I 

I/O Control 

The Read/Write Control Logic decodes control 
signals on the" 8080 control bus into signals which 
gate data on and off the USART's internal bus and 
controls the external I/O bus (DB0-DB7). The 
truth table for these operations is as follows: 

If meSm^ RfiAlj ot, WRITE is a zero, th en the 
USART will O0t|l)erform an I/O function. READ 
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and WRITE being a zero at the same time is an 
illegal state with undefined results. The Read/ 
Write Control Log ic con tains s ynchron ization cir- 
cuits so that the READ and WRITE pulses can 
occur at any time with respect to the clock inputs 
to m UllRT. 

The I/O buffer contains the STATUS buffer, the 
RECEIVE DATA buffer and the XMIT DATA/ 

CMD buffer as shown in Figure 2. Note that al- 
though there are two registers which store data for 
transfer to the CPU (STATUS and RECEIVE 
DATA), there is only one register which stores data 
being transferred to the USART. The sharing of 
the input register for both transmit data and com- 
mands makes it important to ensure that the 
USART does not have data stored in this register 
before sending a command to the device. The 
TxRDY signal can be monitored to accompUsh 
this. Neither data nor commands should be trans- 
ferred to the USART if TxRDY is low. FaUure to 
perform this check can result in erroneous data 
-b«4ng transmitted. 

INTERFACE SIGNALS 

Tlie iftteriace signals of the 8251 USART can be 
bffefen down jtoto two groups — a CPU-related 
group and a iewce-related group. The CPU-related 
signals have been designed to optimize the attach- 
ment of the 8251 to a MCS-SOTM system. The 
device-related signals 'are intended to interface a 
modem or like device. Since many peripherals 
(TTY, CRT, etc.) can be obtained with a modem- 
hke interface, the USART has a broad range of 
apphcations which do not include a modem. Note 
that although the USART provides a logical inter- 
face to an EIA-RS-232 device, it does not provide 
EIA compatible drive, and this must be added via 
circuitry external to the 8251. As an example of a 
periphe^ interface application and to aid in 
lu^d^istlasitfmi the ^gmd descriptions which follow, 
flgare 3 shows a system configured to interface 
with a TTY or CRT. 



CPU-Related Signals 
Vcc (26) I 

CLK (20) ' l! 



RESET (21) 1 



DB7-DB0 I/O 

(8,7,6,5,2,1, 

28,27) 



CS(ll) 



C/D(12) 



ED(13) 



+5 Volt Suppl> 

+5 Vtjit ComMon 

The CLK input generates in- 
ternal device timing. No ex- 
ternal inputs or outputs are 
referenced to CLK, but the 
frequency of CLK must M 
greater than 30 times the 
Receiver or Transmitter 
clock inputs for synchiXHious 
'mode or 4.5 times the clock 
inputs for an asynchronous 
mode. An additional con- 
straint is imposed by the 
electrical specifications (ref. 
Appendi.x B) which require 
the period of CLK be be- 
tween 0.42 usee and 1.35 
/usee. The CLK input can 
generally be connected to the 
Phase 2 (TTL) output of the 
8224 clock generator. 

A high on this input per- 
forms a niasti;r reset on the 
8251. The device returns to 
the idle mode and will re- 
main there mttl reinitiaUzed 
with the appropriate control 
words. 

The DB signals form a three- 
state bus which can be con- 
nected to the CPU data bus. 
Control, status, and data are 
transferred on this bus. Note 
that the CPU always remains 
in control of the bus and all 
transfers are initiated by it. 

Chip Select. A low on this 
input enables communica- 
tion between the USART 
and the CPU. Chip Select 
should go low when the 
USART is beiE^-adii^^iip)|.% 
the CPU. ,;, .,,,1 

Control/Data. During a"»@td 

operation tliis pin selects 
either status or data to be in- 
put to the CPU (high=status, 
low=data). During a write 
operation this pin causes the 
USART to interpret the data 
on the bus as a command if it 
is high or as data if it is low. 

A Ibw on this input causes* 
the USAR^I t® ^te either 



WR(IO) 



TkRDt(lS) O 



i^3i*QY(14) O 



status or data onto the data 
bus. 

A low on this input causes 
the USART to accept data 
on the data bus as either a 
command or as a data char- 
acter. 

Transmitter Ready. This out- 
put signals the CPU that the 
USART is ready to accept a 
data character or command. 
It can be used as an interrupt 
to the system or, for polled 
operation, the CPU can 
check TxRDY using the 
status read operation. Note, 
however, that while the 
TxRDY status bit will be as- 
serted whenever the XMIT 
DATA/CMD buffer is empty, 
the TxRDY output will be 
asserted only if the buffer is 
empty and the USAR T is e n- 
abled to transmit (i.e., CTS is 
low and TxEN is high). 
TxRDY will be reset when 
the USART receives a charac- 
ter from the program. 
Transmitter Empty. A high 
output on this line indicates 
that the parallel to serial 
converter in the transmitter 
is empty. In the synchronous 
mode, if the CPU has failed 
to load a new character in 
time, TxE will go high mo- 
mentarily as SYN characters 
are loaded into the trans- 
mitter to fill the gap in trans- 
mission. 

Transmitter Ready. This out- 
put goes high to indicate that 
the 8251 has received a char- 
acter on its serial input and is 
ready to transfer it to the 
CPU. Although the receiver 
runs continuously. RxRDY 
will only be asserted if the 
RxE (Receive Enable) bit in 
the command register has 
be^n set. RxRDY can be con- 
nected to the interrupt struc- 
tu*e or, for polled operation, 
the GPII can check the condi- 
tio of RxRDY using a status 
read operation. RxRDY will 
be reset when the character is 
read by the CPU. 
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SYNDET(16) I/O 



Synch Detect. This line is used 
in the synchronous mode only. 
It can be either an input or 
output, depending on whether 
the initiahzation program sets 
the USART for external or in- 
ternal synchronization. SYN- 
DET is reset to a zero by RE- 
SET. When in the internal 
synchronization mode, the 
USART uses SYNDET as an 
output to indicate that the 
device has detected the re- 
quired SYN character(s). A 
high output indicates syn- 
clironization lias been achiev- 
ed. If the USART is pro- 
grammed to operate with 
double, SYN characters, SYN- 
DET will go high in the mid- 
dle of the last bit of the 
second SYN character. SYN- 
DET will be reset by a status 
read operation. When in the 
external synch "onization mode 
a positive-going input on the 
SYNDET hne will cause the 
8251 to start assembling 
characte rs on the next falUng 
edge of RxC. The high input 
should be maintained at least 
for one RxC cycle following 
this edge. 



Device-Related Signals 
O 



DTR (24) 



DSR (22) 



RTS (23) 



Data Terminal Ready. This is a 
general purpose output signal 
which can be set low by pro- 
gramming a '1' in command 
instruction bit 1. This signal 
allows additional device- eon- 
trol. 

Data Set Ready. This is a gen- 
eral purpose input signal. The 
status of this signal can be 
tested by the CPU through a 
status read. Tliis pin can be 
used to test device status and 
is read as bit 7 of the status 
register. 

Request to Send. This is a gen- 
eral purpose outp ut signal 
equivalent to DTR. RTS is 
normally used to request that 
the modem prepare itself to 
transm it (i .e., establish car- 
rier). RTS can be asserted 



^. (brought low) by setting bit 5 

in the command instruction. 
CTS (17) I Clear to Send. A low on this 
input enables the USART to 
transmit data. CTS is normally 
generated b y the modem in re- 
sponse to a RTS. 

RxC (25) I Receiver Clock. This clock 
controls the data rate of char- 
acters to be received by the 
USART. In the synchronous 
mode RxC is equivalent to the 
baud rate, and is supplied by 
the m odem . In asynchronous 
mode RxC is 1, 16, or 64 
times the baud rate. The clock 
division is preselected by the 
mode control instruction. 
Data is sampled by the US ART 
on the rising edge of RxC. 

RxD (3) I Receiver Data. Characters are 
received serially on this pin 
and assembled into parallel 
characters. RxD is high true 
(i.e., High = MARK or ONE). 

TxC (9) I Transmitter Clock. This clock 

controls the rate at which 
characters are transmitted by 
the USART. The relationship 
between clock rate and baud 
rate is the same as for RxC. 
Data is shifted out of the 
USART on the falling edge of 
TxC. 

TxD (19) O Transmit Data. Parallel charac- 
tefs sent by the CPU are trans- 
mitted serially by the USART 
on this line. TxD is high true 
(i.e., High = MARK or ONE). 

MODE SELECTION 

The 8251 USART is capable of operating in a num- 
ber of modes (e.g., synchronous or asynchronous). 
In order to keep the hardware as flexible as possi- 
ble (both at the chip and end product level), these 
operating modes are selected via a series of control 
outputs to the USART. These mode control out- 
puts must occur between the time the USART is 
reset and the time it is utilized for data transfer. 
Since the USART needs this information to struc- 
ture its internal logic it is essential to complete the 
initialization before any attempts are made at data 
transfer (including reading status). 

A flowchart of the initialization process appears in 
Figure 4. The first operation which must occur 
following , a reset is. the loading of the mode control 
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Figure 4. Initialization Flowt^rt 



register. The mode control register is loaded by the 
first control output (C/D=l, W=l, WR=0, C5=0) 
following a reset. The format of the mode eonteol, 
instruction is showi in Figure 5. The inst^etjcii. 
can be consider^ as four 2-bit fields. The first 
2-bit field (Dj Dp) determines whether the USART 
is to operate in the synchronous (00) or asynchro- 
nous mode. In the asynchronous j-node this field 
also controls the clock scaling factor. As an exam- 
ple, if D] and Do are both ones, the RxC and TxC 
will be divided by 64 to establish the baud rate. 
The second field, D3— D?. determines the number 
of data bits in the character and th; third, D5-D4, 
controls parity generation. Note that the parity bit 
(if enabled) is added to the data bits and is not 
considered as part of them when setting up the 
character leiigtk As an example, standard ASCII 
transmission, which is seven data bits plus even 
parity, would be specified as: 



BAUD RATE FACTOR 



0= SYN MODE 
1 - ASYN XI 
10*ASVNX16 
1 1 • ASYN X64 



CHARACTER LENGTH 



PARITY CONTROL 



X - NO PARITY 
01 - ODD PARITY 
1 1 - EVEN PARITY 



FRAMING CONTROL 



YES 


1-1 STOP BIT 
10 = 1% STOP BITS 
11-2 STOP BUS 




SYN CONTROL 


XO INTERNAL SYN 
X 1 EXTERNAL SYN 
OX DOUBLE SYN CHAR 
1 X SINGLE SYN CHAR 





Figures. Mode Instruction Format 



XX 1 1 1 X X 



The last field, D7— De, has two meanings, depend- 
ing on whether operation is to be in the synchro- 
nous or asynchronous mode. For the asynchronous 
mode (i.e., D] Dq ^ 00), it controls the number of 
STOP bits to be transmitted with the character. 
Since the receiver will always operate with only 
one STOP bit, D7 and Dg only control the trans- 
mitter. In the synchronous mode (Dj Dq = 00), 
this field controls the synchronizing process. Note 
that the choice of single or double SYN characters 
is independent of the choice of internal or external 
syn-chronization. This is because even though the 
receiver may operate with external synchronization 
logic, the transmitter must still know whether to 
ssaid one or two SYN characters should the CPU 
fatil to supply a character in time. 

Following the loading of the mode instruction the 
appropriate SYN character (or characters) must be 
loaded if synchronous mode has been specified. 
The SYN character(s) are loaded by the same con- 
trol output instruction used to load the mode in- 
struction. The USART determines from the mode 
instfuction whether no, one, or two SYN charac- 
ters are required and uses the control output to 
load SYN characters until the required number are 
loaded. 

At completion of the load of SYN characters (or 
after the mode ifflstruction in the asynchronous 
mode), a command character is issued to the 
USART. The command instruction controls the 
operation of the USART within the basic frame- 
work estabUshed by the mode instruction. The 
format of the command instruction is shown in 
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Figure 6. Note that if. as an examijle, the USART 
is waiting for a SYN character load and instead is 
issued an internal reset command, i: will accept the 
command as a SYN character instead of resetting. 
This situation, which should only occur if two 
independent programs control the USART, can be 
avoided by out^atting three all zero characters as 
commands before issuing the internal reset com- 
mand. The USART indicates its state in a status 
register which can be read under program control. 
The format of the status register read is shown in 
Figure 7. 

When operating the receiver it is important to real- 
ize that RxE (bit 2 of the command instruction) 
only inhibits the assertion of RxUDX; it does not 
inhibit the actual reception of cfeMeters. Because 
the receiver is constantly mntiiitf, ft is possible for 
it to contain exfcaneous data when it is enabled. 
To avoid problems this data should be read from 
the USART and discarded. The read should be 
done immediately following the setting of Receive 
Enable in the asynchronous mode and following 
the setting of Enter Hunt in the synchronous 
mode. It is not necessary to wait for RxRDY be- 
fore executiag,t|^ di^niny read. 



D? De °S °4 °3 °2 °-l Do 



EH IR RTS ER SBRK RxE DTR TxEN 



TRANSMIT ENABLE 
t = ENABLE 
= DISABLE 



DATA TENHatWL 
READY 

"HIGH" WILL FORCE 

DTR OUTPUT TO ZERO 



RECEIVE ENABLE 
1 = ENABLE RxRDY 
= DISABLE RxRDY 



SEND BREAK 
CHARACTER 

1= FORCES TxD "LOW" 
0= NORMAL OPERATION 



ERROR RESET 

1 = RESET ALL ERROR 
FLAGS 'PE, OE, EE) 



REQUEST TO SEND 
'^m^W WILL FORCE 
RTS OUTPUT TO ZERO 



INTERNAL RESET 
"HIGH" RETURNS 82S1 
■TO MQD&INSTRUCTION 

fotmm 



ENTER HUNT MODE 

1 " ENABLE SEARCH FOR 
SVN CHARACTERS 



Figure 6. Commas Instruction Format 
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DSR SYNDET FE 



I ■ ! 



V.r ■ ■.' 



PARITY ERROR 
THE PE FLAT IS SET WHEN 
A PARITY ERROR IS DE- 
TECTED. IT IS RESET BY 
THE ER BIT OF THE COM- 
MAND INSTRUCTION. PE 
DOES NOT INHIBIT OPER- 
ATION OF THE 8251. 



OVERRUN ERROR 
THE OE FLAG IS SET WHEN 
THE CPU DOES NOT READ A 
CHARACTER BEFORE THE 
NEXT ONE BECOMES AVAIL- 
ABLE. IT IS RESET BY THE 
ER BIT OF THE COMMAND 
INSTRUCTION. OE DOES 
NOT INHIBIT OPERATION OF 
THE SaV. HOWEVER. THE 
PREVIOUSLY OVERRUN 
CHARACTER IS LOST' 



FRAMING ERROR (ASYNC 
ONLY) 

THE FE FLAG IS SET WHEN 
A VALID STOP BIT IS NOT 

DETECTED AT THE END OF 
EVERY CHARACTER, IT IS 
RESET BY THE ER BIT OF 
THE COMMAND INSTRUC 
TION. FE DOES NOT INHIBIT 
THE OPERATION OF THE 9ZB1. 



-SAME DEFINITIONS 



AS I/O PINS E 
THAT TxRDY IS NOT 
CONDITIONED BY 
TxEN OR CTS". 



Figure 7. Status Register Format 



2-42 



PROCESSOR DATA LINK 

The ability to change the operating mode of the 
USART by software makes the 8251 an ideal 
device to use to implement a serial communication 
link. A terminal initially configured wiii k siinpfc 
asynchronous protocol can be upgraded to a syn- 
chronous protocol such as IBM Binary Synchro- 
nous Communication by a software only upgrade. 
In order to demonstrate the use of the 8251 
USART, the remainder of this document will 
describe the implementation of an interrupt-driven, 
full duplex communication link on the Intel 
MDSTM system. With minor modifications, the 
program developed could be used on the Intel 
SBC-SO/IQTM OEM card, thus implementing a data 
link between the two systems. Such a faciUty can 
be used to down-load programs, run diagnostics, 
and maintain common data bases in multiprocessor 
systems. 

The factors which must be considered in the design 
of such a link include the desired transmission rate 
and format, the error checking requirements, the 
desirabiUty of full duplex operation, and the phys- 
ical implementation of the Unk. The basjp ieqpire- 
ment of the system described here is that it allow 
an totei SBC-80/10 OEM card to be loaded from 
an N©S development system, either locally or on 
the switched telephone network,- An additional 
constraint is that the modem used on the switched 
network be readily available and inexpensive. 
These requirements led to the choice of a modem 
such as the Bell 103A to implement the link. These 
modems, which support full duplex communica- 
tion at up to 300 baud, are readily available from a 
number of sources at reasonable cost. These 
modems are also available in acoustic|i|y coupled 
versions which do not require permanent i^talla- 
tion on the telephone network. Dit^fface to the 
103A modem is accomplished with nine wires: 
Protective Ground, Signal Ground, Transmitted 
Data, Received Data, Clear to Send. Data Set 
Ready, Data Terminal Ready, Carrier Detector, 
and Ringing Indicator. 

The utilization of the interface signals to the 
modem is as -foUdWs: 

Protective Protective Ground is used to bond 
Groimd* the chassis ground of the modem to 
that of the terminal. 

Signal Signal Ground provides a common 

Ground ground reference between the mo- 

dem and the terminal. 

Transmitted Transmitted Data is used to transfer 
Data ' ^ial data from the terminal to the 
modem. 



Received Received Data is used to transfer 
Data serial data from the modem to the 

terminal. 

Clear to Clear to Send indicates that the 

liend modem has established a connec- 

tion with a remote modem and is 
ready to transmit data. 

Data Set Data Set Ready indicates that the 

Ready modem is connected to the tele- 

phone line and is in the data mode. 

Data Data Terminal Rcad>- is a signal 

Terminal from the terminal which permits 
Ready the modem to enter the data mode. 

Carrier Carrier Detector is identical to 

Detector Clear to Send in the 103 modem 
and will not be used in this inter- 
face. 

Ringing Ringing Indicator indicates that the 

Indicator modem is receiving a ringing signal 
from the telephone system. This 
signal will not be used in the inter- 
face, since it is possible for the 
terminal to assert Data Terminal 
Ready whenever it is ready for the 
modem to "answer the telephone". 
The modem uses Data Set Ready to 
indicate that it has answered the 
caU. 

A block diagram showing the connections between 
the MDS and the SBC-80/10 through the modems 
is shown in Figure 8. Figure 9 shows the portion of 
the MDS monitor board devoted to the USARTs 
and Figure 10 shows the equivalent section of the 
S8e-8e/il0 baard. Note that several signals on the 
IiiiS<^ not have the proper EIA defined voltage 
levels, and for this reason the adapter shown in 
Figure 1 1 was added to the MDS. The 390 pF 
capacitor was added to the 1488 driver to bring the 
rise time within EIA imposed limits of 30 volts/ 
ixsec. In Figure 7 the signal labels within the MDS 
and SBC-80/10 blocks correspond to the labels on 
the schematics, the signal labels within the modem 
blocks correspond to EIA conventions, and the 
sj^al labels on the wires between the blocks are 
abbreviations for the EngUsh language names of the 
signals. 

As an example of how the USART clocks can be 
generated, circuits A27, A16, and A15 of Figure 9 
form a divider of the OSC signal. The OSC signal 
has a frequency of 18.432 MHz and is generated by 
the 8224 which generates system timing for the 
8080A. The 18.432 MHz signal results in a state 
time of 488 ns versus the normal 500 ns for the 
8080Ai (This does not violate 8080A specifica- 
tions.) The 18.432 MHz signal can be divided by 
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Figure 8. System Block Diagram 




Figure 9. EIA Adapter 



30 and then 64 to give a 9600 baud communica- 
tion standard. The 9600 baud sipial can be further 
divided to give* 48ia, 2<t©Q, 1200, 600, and 300 
baud signals. The 1200 teid signal can be divided 
by 11 to give a 109.1 baud signal v/hich is within 
1% of the 110 baud standard signal rate. Note that 
because of constraints on the CLK input 9600 
baud operation is not possible in the X64 mode. 
The divide by 64 can be accomplished by dividing 
by 4 with a counter and th^ 16 within the 
USART. 

In order to keep the system as general purpose as 
possible, it was decided to transmit 8-bit data char- 
acters with an appended odd parity bit. Having a 
full 8-bit byte available for data enables the trans- 
mission of codes such as ASCII (which is 7-levei 
with an additional parity bit) to be transmitted 
and received transparently in the system. Also, of 
course, it allows 8-bit bytes from the 8080A mem- 
ory to be transferred in one transmission character. 
If error checking beyond the parity check is re- 
quired, it could be added to the data record to be 
transmitted in the fcmb^of ledundwt check charac- 
ters. 



Before the software design of the system could be 
undertaken, it was necessary to decide whether 
service requests from the USART w<«M be han- 
dled on a polled or iiit«*i«pt drtvefl' mode. Polled 
operation normally reSfllts in fhb'fe compact code 
but it requires that whatexer programs are running 
concurrently with a transmission or reception must 
periodically either check the status of the USART 
or call a routine that does. Since it was not possible 
to determine what program might be running dur- 
ing a receive or transmit operation, it was decided 
to operate in an interrupt driven mode. 

The program which operates th«? ^251 inust be 
instructed as to what data it shbura "transmit or 
receive from some other program resident in the 
8080 system. To facilitate the discussion of the 
operation of the software, the following definitions 
will be made: 

USRUN is the program which controls the 
operation of the 8251 . 

USER is a program which utilizes USRUN in 
order to effect a data transmission. 

USER passes commands and parameters to 
USRUN by means of the contti9 Mode Shown in 
Figure 1 2. The first byte of fee felocfc iewitains the 
command which USER wants USRUN to execute. 
VaUd contents of this byte are "C" which causes 
USRUN to initialize itself and the 8251, "R" 
which causes the execution of the data input (or 
READ) operation, and "VV which causes a data 
output (WRITE) operation. The second byte of the 
control block is used by USRUN to inform USER 
of the status of the requested operation. The third 
and fourth bytes specify the starting address of a 
buffer set up by USER which contains the data for 
a transmit operation or which will b@i;vised by 
USRUN to store received Jata, He fiH^ and sixth 
bytes are concatenated to foutl at f MiEpe binary 




Figure 10. SBC 80/10 Serial I/O 
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Figure 11. MDS Monitor Module 



number which specifies how many bytes of data 
USER wants transferred. The seventh and eighth 
bytes are concatenated and used by USRUN to 
count the number of bytes that have been trans- 
ferred. When the required number of characters 
have been transferred, or if USRUN terminates a 
READ or WRITE due to an . abnormal conditioii, 
then USRUN a subroutine at an addre^ dfr 
fined by the ninth and tenth bytes of the com- 
mand block. This subroutine, which is provided by 
USER, must determine the state of the process and 
then take appropriate action. 

Since USRUN must be capable of operation in a 
full duplex mode (i.e., be able to receive ahd ffans- 

mit simultaneously), it keeps the address of two 
control blocks; one for a READ operation and one 
for a WRITE. Tlie address of the ccntrolling com- 
mand block is kept in RAM locations labeled 
RCBA for the READ operation 28^ TCBA for the 
WRITE operation. If RCBA (Receive Control 
Block Address) or TCBA (Transmit Control Block 
Address) is zero, it indicates that the corresponding 
operation is in an idle status. 

Flowcharts of USRUN appear in Figure 13 and the 
listings appear in Figure 14. The first section of the 
flowcharts (Figures 13.1 and 13.2) consists of two 
subroutines which are used as c0nvenieht tools for 
operating on the control blocks. These routines are 
labeled LOADA and CLEAN. LOADA is entered 
with the address of a control block in registers H 
and L. Upon return registers D and E have been set 
equal to the address in the buffer which is the 
target of the next data transfer (i.e., D,E = BAD+ 
CCT): and CCT (transferred byte count) has then 
been incremented. In addition, the B register is set 
to zero if the number of bytes that have been 
transferred is equal to the number requested (i.e., 
CCT = RCT). CUBAN, the second routine, is also 
entered with the address of a command block in 
the H amd L registers. In addition^ the Accumulator 
holds the status which will be placed in the 
STATUS byte of the command block. On exit the 
STATUS byte has been updated and the address of 
the completion routine has been placed in H and L. 

Upon interrupt, control of the MCS-80 system is 
transferred to VECTOR (Figure 13.3). Vector is a 
program which saves the state of the system, gets 
the status of the US ART and jumps to the RISR 
(Receive Interrupt Service Routiiii;) or the TISR 
(Transmit Interrupt Service Routine), depending 
on which of the two ready flags is active. If neither 
ready flag is active, VECTOR restores the status of 
the ruiming program, enables iiiterrupts, and re- 
turns. (Interrupts are automatically disabled by the 
hardware upon an interrupt.) This exit from VEC- 
TOR, which is labeled VOUT, is used from other 



I THESE TWO BYTES INDICATE 
THEtaUMBEROF BYTES TO 
BEfttAHSf&tWSO 
I THESE TWO BYTES INDICATE 
THE NUMBER OF BYTES THAT 
' HAVE BEEN TRANSFERRED 
I THESE TWO BYTES FORM 
THE ADDRESS OF A SUB- 
' ROUTINE TO BE CALLED 
WHEN THE OPERATION 
IS TERMINATED 



Figure 12. Control Block 
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Figure 13.1. LOADA Subroutine 
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Figure 13.2. CLEAN Subroutine 
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PUSH STATUS 
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jFigur* 13.3. Interrupt Entry 




In addition to handling normal data transfers, 
TISR (Figure 13.4) checks a location in memory 
named TCMD in order to determine if the receive 
program wishes to send a command to the USART. 
Since the transmit data and command lUiist share a 
buffer within the USART, any comiiiand output 
must occur when TxRDY is asserted. If TCMD is 
zero, TISR proceeds with the data transfer. If 
TCMD is non-zero, TISR calls TUTE (Transmit 
Utility, Figure 13.5) which, depending on the value 

i;V • 'I. Ifi: ■ 



llfi'>ft'.v ■ 




A: = BUFFER 
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T.i/r.;i/ 'I- 



..1 ut;.. ^ 



^ CLEAN ^ 

/ tcomplete > 
/vout\ 



Flgwii* 13Mi ■ '^Mnsniit Interrupt SeMS^lloutifle 



Figure 13.5. Ti 



Utility Routine 



in TCMD, turns off the receiver, turns on the re- 
ceiver, or clears error conditions. Note that the 
error flags (parity, framing, and overrun) are al- 
ways cleared by the software when the receiver is 
first enabled; 

The flowchart of the RISR is shown in Figure 
13.6. Note that in addition to teminating when- 
ever the required number of characters have been 
received, the RISR also terminates if one of the 
error flags becomes set or if the received character 
matches a character found in a table pointed to by 
the label ETAB. This table, which starts at ETAB 
and continues until an all "ones" entry is found, 
can be used by USER to define special dbaraeiteis, 
such as EOT (ln|d Of Transmission), which will ter- 
minate a REAiDi operation. The remainder of Fig- 
ure 13 (13.7) shows the decoding of the commands 
to USRUN. The listings also include a test USER 
which exercises USRUN. This program sets up a 
256-byte transmit buffer and transfers it to a simi- 
lar input buffer by means of a local loop. When 
both the READ and WRITE operations are com- 
plete, the test USER checks to insure that the two 
buffers are identical. If the buffers differ, the MDS 
monitor is called; ifUlb data is cotrect, thjs test is 
repeated. 

CONCLUSION 

The 8251 USART has been described both as a 
device and as a component in a system. Since not 
only modems but also many peripheral devices 
have a serial interface, the 8251 is an extremely 
useful component in a microcomputer system. A 
particular advantage of the device is that it is capa- 
ble of operating in various modes without requir- 
ing hardware modifications to Wt System of which 
it is a part. As with any complex subsystem, how- 
ever, the 8251 USART must be carefully appUed 
so that it can be utilized to full advantage in the 
overall system. It is hoped that this application 
note will aid in the designer in the apphcation of 
the 8251 USART. As a further aid to the applica- 
tion of the 825 1 , the appendix cf this document 
includes a list of design hints based on past experi- 
ence with the 825 1 . 




Figure 13.6. Receive Interrupt Service Routine 
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Figure 13,7. URUN Command Decode 
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Figure 14. Program Listing 

••■«■• 

i SYSTEM ORIGIN STATEMENT 

ij 

tOOO ORG 4000H 



• ««»» 

DATA STORAGE FOR TEST USER 



• ••»«» 



4000 




BUFIN: 


DS 


10 OH 


; INPUT BUFFER 


4100 




BUFOUT: 


DS 


100H 


;OUt|>DT BUFFER 


4200 


5200 


RBLOCK : 


EB',ii, 


i . 't ' ,00H 


rBSiCEIfB CSHTROL BtOCK 


4202 


0040 ; 


. R8AD: 


DH- 


-. BUFIN , 




4204 


FFOO 


RRCT: 


OW 


•■ OFFH 


'■.!>. 


4206 


0000 


ICCT: 


DW 


-OOH 


li 1 : 

■■ 1' 1, 


4208 


1742 


SCRA: 


DW,. . 


BGRi- ! 


420A 


5700 


TBLOCK: 


DB 


'W' ,0OH 


;TRANSMIT CONTROL BLOCK 


420C 


0041 


TBAD: 


OH 


lUFOOT 




420E 


FFOO 


TRCT: 


DW 


OFFH 




4210 


0000 


TCCT: 


DW 


OOH 




42 1 2 


2742 


TCRA : 


DW 


TCR 




42 1 4 


4300 


GBLOCK : 


DB 


'C ,00H 




4216 


00 


FLAG: 


DB 


OOH 





;««««» 

; COMPLETION ROUTINES 

■ •■«** 



4217 


AF 


RCR: 


XRA 


A 


;CLEAR A 


4218 


323B42 




STA 


RCBA 


;TURN OFF RECEIVE 


421B 


323C42 




STA 


RCBA+1 


421E 


3A1642 




LDA 


FLAG 


;GET FLAG 


4221 


E60F 




ANI 


OFH 


;CLEAR UPPER FOUR BITS 


4223 


321642 




STA 


FLAG 


;RESTORE FLAG 


4226 


C9 




SET 






4227 


AP 


TCR: 


XRA 


A 


;CLEAR A 


4228 


323942 




STA 


TC8A 


;TURN OFF TRANSMIT 


422B 


323A42 




STA 


TCBA+1 




422E 


3A1642 




LDA 


FLAG 


;GEf FLAQ 


4231 


E6F0 




ANI 


OFOB 


; CLEAR LOWER FOUR BITS 


4233 


321642 




STA 


FLAG 


; RESTORE FLAG 


4236 


C9 




RET 




JTHEN RETURN 



2tS\ 



; «» « « » 



OOFS 


USTAT 




0F5H 


00F5 


USCMD 


EQU 


0F5H 


OOFit 


USDAI 


EQU 


0F4H 


OOFit 


USDAO 


EQU 


0F4H 


0000 


GSTAT 


EQU 


OOH 


OOFF 


BSTAT 


EQU 


OFFH 


00 01 


CB»B 


SQO 


01H 



jUSART STATUS ADDRESS 
;USART CMD ADDRESS 
;USART DATA INPUT ADDRESS 
;USART DATA OUTPUT ADDRESS 
;GOOD STATUS 
;BAD STATUS 



SYSTEM DATA TABLE 

t237 00 LCMD: DB OOH 

^238 00 TCMD: DB OOH 

4239 0000 TCBA: DH OOH 

423B 0000 RCBA,: DW OOH 

'*23I> FF WAS: DB OFFH 



;CURRENT OPERATING COMMAND 
;IF NGN ZERO A COMMAND TO BE SENT 
;ADDRESS OF XMIT CBLOCK 
;ADDRESS OF RECEIVE CBL0GI- 1 
;END CHARACTER TABLE ,i ' ; 



Hi- 



LOAD ADDRESS ROUTINE 

LOADA IS ENTERED WITH THE ADDRESS OF A CONTROL 
BLOC< IN H,L. ON EXIT D,E CONTAINS THE ADDRESS 
WHICH IS THE TARGET OF THE NEXT DATA TRANSFER (BAD+CCNT) 
AND 3 HAS BEEN SET TO ZERO IF THE REQUESTED NUMBER OF 
TRANSFERS HAS BEEN ACCOMPLISHED. CCNT IS INCREMENTED 







; AFTER 


THE 


TARGET 


ADDRESS HAS BEEN CALCULATED. 






; X*««ll 








423E 


23 


LOADA: INX 


(] 




•D F OPTS RIIFFFR AnDRF'^'^ 


423F 


23 


INX 








4240 


5E 


MOV 




M 




4241 


23 


INX 


(] 






4242 


56 


MOV 


D 


M 


' DONE 


4 2 4^ 

*t C *t J 




INX 


u 

n 






4244 




TM Y 

± n A 


u 
n 






4 ? 4 R 
t £ *t 3 




THY 
± N A 


n 






4246 


4E 


MOV 




n 




42 47 


2^ 


INX 


n 






4248 




M A U 


o 




• n A M p 


424Q 


KB 


n u 








*T £ ** ii 


n Q 




o 






424b 


EB 


XCHG 






• DONE 


424C 


3 


INX 










70 


MOV 


M 


B 




424E 


2B 


DCX 


H 






424F 


7 1 


MOV 


M 


C 


; DONE 


4250 


OB 


0CX 


B 




;DOES OLD eCNT=RCNT? 


425 1 


28 


DCX 


H 






4252 


7E 


MOV ' . 


A 


M 




4253 


90 


SUB 


B 






4254 


47 


MOV 


B 


A 




4255 


CO 


RNZ 






;II0-BETUBM WITH B NOT ZERO 


4256 


2B 


DCX 


H 






4257 


7E 


MOV 


A, 


M 




4258 


91 


SUB 


C 






4259 


47 


MOV 


B, 


A 




425A 


C9 


RET 






;RETURN WITH B=0 IF RCNT=CCNT 
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• « a* » 

CLEAN-UP ROUTINE 

CLEAN IS ENTERED WITH THE ADDRESS OF A CONTROL 
BLOCK IN H,L AND A NEW STATUS TO BE 

ENTERED INTO IT IN A. ON EXIT THE ADDRESS OF THE 
CONTROL BLOCK IS IN D,E; THE STATUS OF THE BLOCK 
HAS BEEN UPDATED; AND THE ADDRESS OF THE COMPLETION 







«••»■ 








425B 


3D CLEAU: 


MOV 


E,L 


;SAVE THE ADRESS OF THE COMMAND 


425C 


54 




nm 


S,B 




425D 


■23 




inx. 


H 


jPQINT AT STATUS 


425E 


77 




MOV 


M, A 


;SET STATUS EQUAL TO A 


425F 


010700- 1 




im 


: B„ 7 , 


;SET INDEX TO SEVEN 


4262 


09 ' 




BAB 


i 


jPOINT AT COMPLETION ADDRESS 


4263 


78 




MOV 


a,M 


;GET LOWER ADDRESS; 


4264 


23 




INX 


H 


; POINT AT UPPER AWIESS 


4265 


66 




MOV 


H,H 


;H GETS HIGH ABMISS BITE 


4266 


6F 1 




Moy 


I.,A 


;L GETS 1.0* . BYTE 


4267 


C9 






. J.I 


r •;: ■ 








. =1 ,1 




oil -■ 



INTERUPT VECTOR ROUTINE 

VECTOR SAVES THE STATUS OF THE RUNNING PROGRAM 
THEN READS THE STATUS OF THE USART TO DETERMINE 
IF A RECEIVE OR TRANSMIT INTERUPT OCCURRED. 
VECTOR THEN CALLS THE APPROPRIATE SERVICE ROUTINE. 
IF NEITHER INTERUPTS OCCURRED THEN VECTOR RESTORES 
THE STATUS OF THE RUNNING PROGAM. THE SERVICE 
ROUTINES USE THE EXIT CODE, LABLED VOUT, TO EFFECT 
THEIR EXIT FROM INTERUPT MODE. 

* * • * * 



4268 


F5 


'VECTOR : 


PUSH 


P3W. ;PUSH STATUS INTO. THE STACK 


4269 


C5 




PUSH 


B 




426A 


D5 




PUSH 


D 




426B 


E5 




PUSH 


H 




426C 


DBFS 




IN 


USTAT 


GET USART ADDRESS 


426E 


DBFA 




IN 


OFAH 


MDS-GET MONITOR CARD INT. STATUS 


4270 


OF 




RRC 




ROTATE TWO PLACES 


4271 


OF 




RRC 




SO THAT CARRY=RXRDY 


4272 


DA8842 




JC 


RISR 


IF RXRDY GO TO SERVICE ROUTINE 


4275 


07 




RLC 




IF NOT ROTATE BACK 


4276 


07 




RLC 




LEAVING TXRDY IN CARRY 


4277 


DAD442 




JC 


TISR 


IF TXRDY THEN GO TO SERVICE ROUTINE 


427A 


3EFC 




MVI 


A , OFCH 


MDS-CLEAR OTHER LEVEL THREE INTERUPTS 


427C 


D3F3 




out 


§F3« 


MDS 


427E 


El 


VOUT: 


POP 


H 


ELSE EXIT FROM INTERUPT MODE 


427F 


B1 




POP 


15 




42*0 


Ci 




POP 


1 




42':81 


3E20 


1 


MVI 


A,20H ;MDS-REST0I»1 G0tBE»T LEVEL 


4283 


DJFD 




OUT 


Of DH 


MDS 


42S6 


FB: 




EI 


t B-SfMrfef 1 «f 1 « i'8 P't'f 


42-87 


C'9 




RET 








>••«■ 



REClIVE INTERUPT SERVICE ROUTINE; 

RISR PROCESSES A RECEIVE INTERUPT 

AT THE END OF RECEIVE THE USER SUPPLIED 

COMPLETION ROUTINE IS CALLED AND THEN AN 

EXIT IS TAf6Bi taSOSGH VOUT OF THE 

VECTOR 



Jl o Q Q 
*i ^ O 


2A3B42 


RISR : 


LHLD 


RCBA 


42 8b 


3 E8 2 




MVI 


A , 82H 


)i o Q n 


D3F 3 




OUT 


0F3H 


4 2 8 F 


2C 




I N R 


L 


42 90 


2D 




DCR 


L 


42 91 


C29 9 4 2 




JNZ 


RISRB 


4 2 94 


o ]i 
24 




INR 


H 


4295 


25 




DCR 


H 


4296 


CA7E42 




JZ 


VOUT 


4299 


CD3E42 


RISRB : 


CALL 


LOADA 


429C 


DBF4 




IN 


USDAI 


429E 


12 




STAX 


D 


429F 


4F 




MOV 


C, A 


42A0 


DBFS 




IN 


USTAT 


42A2 


E638 




ANI 


38H 


42A1( 


C2B942 




JNZ 


RISRE 


42A7 


04 




IMR 


B 


42A8 


05 




DCR 


B 


42A9 


C2BE42 




JNZ 


EXCHAR 


I2AC 


3E00 




MVI 


A.OSTAT 


2AE 


217E42 


RISRA: 


LXl 


H, V'OtJT 


-»2B1 


E5 




PUSB 


H ■ 


42B2 


2A3B42 




LHtD 


RCBA 


42B5 


CD5B42 




CALI» 


CLEAN 


42B8 


E9 




pChl 




42B9 


3EFF 


RISRE: 


MVI 


A,BSTAT 


42BB 


C3AE42 




JMf 


RISRA 


42BE 


21 3D42 


EXCHAR: 


LXI 


H.MTAB 


42C 1 


7E 


EXA: 


MOV 


A,M 


42C2 


FEFF 




CPI 


OFFH 


42C4 


CA7E42 




JZ 


VOUT 


42C7 


39 




CMP 


c 


42C8 


CACF42 




JZ 


PEND 


42CB 


23 




INX 


H 


42CC 


C3C 1 42 




JMP 


EXA 


42CF 


3E01 


PEND: 


MVI 


A , CEND 


42D1 


C3AE42 




JMP 


RISRA 



;MDS-CLEAR RECEIVE INTERUPT 
;MDS 



;READY-SET UP ADDRESS 
;GET INPUT DATA 
;AND PUT IN THE BUFFER 
;SAVE INPUT DATA IN C 
;GET STATUS AGAIN 
;MASK FOR ERROR FIELD 
;NOT ZER0-TAKE ERROR EXIT 
;B WAS 00 IF DONE 

;N*T DONE** XX T 

j-A GETS ISQ&n STAtUS 

;dET RETURN ADDRESS 

;AND POSH IT INTO THE STACK 

r'POlNT »,h AT THE GMD BLOCK 

imhl etE*N«P ROSTINE 

;EFFECTIVELY CALLS COMPLETION ROUTINE 

; RETURN IS TO VOUT BECAUSE OP PUSH H 

;A GETS BAD STATUS 

;OTHERWrSB EXIT IS NORMAL 

;TEST CHARACTER AGAINST EXIT TABLE 

;END OF TABLE 



; MATCH-TERMINATE READ 



TRANSMIT INTERUPT SERVICE ROUTINE 
TI3R PROCCESSES TRANSMITTER INTERUPTS 
WHEN THE END OF A TRANSMISSION IS 
DETECTED THE USER SUPPLIED COMPLETION 
ROUTINE IS CALLED AND THEN AN EXIT IS 
TAKEN THROUGH VOUT OF VECTOR 

»«•»« 



4204 


3A3842 


TISR : 


LDA 


TCMD 


u Ci i r u i Cj w i ± H ij ^ u [ 1 i J rt 1"J U 


42D7 


87 




OBA 


A 




42D8 


040443 




GHZ 


TUTE 


TiD IITTI TTY rflMMAMn 


42SB 


3E81 




MVI 




MTT^ — riPAR YMTT TMTFPItPT^ 
liL'o'-l/LiiLnn An XI XDliLnUrXO 


42D0 


DBF 3 








M DS 


420F 


2A3942 






A 




U2S2 


2C 




Iff! 


L 


MAKE SURE HAVE VALID C0NTRi3L BLOCK 


42'E3 


2D 




DCR 






^ £ & *r 






J M /• 


T T <3 D A 

1 1 on A 


GOOD 


*t £ A f 






T M D 
X N n 


ij 
n 




^ 9 17 A 


9R 




D.C R 


H 




n p fi< Q 


l« A 1 fii " £ 




1 7 


VOUT 


NON VALID BLOCK (H,L=0) 


U > R P 

f £..0 Lr 


p n 3 (T ll 9 


1 X OA A • 


r* a I I 


LOADA 


SET UP ADDRESS 




1 A 
1 A 




Tt .n A V 
.^17 A A 


D 


GET DATA FROM BUFFER 




A 11 






USOAO 


AND OUTPUT IT 




nil 






. 'M 'J 1 -:•«•. 


B WAS 00 IF DONE 




05 




PGR 


3 




li 17 il 


p •» IT 111 .0 




JN2 


■fOUT 


NOT DONE-EXIT FROM SERVICE ROUTINE 


4 2 F7 


21 r b*»2 I 




t,XI 


H.VOUT 


SET UP RETURN ADDRESS 


42FA 


E5 






H 


AND PUSH IT INTO THE :§TACS 


t2FB 


3 EOO 




HVI 


A ,GSTAT 


A GETS GOOD STATUS 


1 2 F D 


2A 3942 






TCBA 


POINT H,L AT COMMAND BLOCK 


1300 


CD5B42 




C&LL 


CLEAN 


CALL CLEANUP ROUTINE 


14303 


E9 




PCHL 




CALL COMPLETION iB^OUTINE 
RETURN WILL BE TO VOUT 


"J 3 4 


FEO 1 


TU TE : 


C PI 


01 


RECEIVER OFF _ , .. 


4306 


CA2443 




JZ 


TUTE1 


■ V 1 


4309 


FE02 , - 




CPI 


02 ;RECEIVER ON 


430B 


CAI443 ' 




JZ 


TUTE2 




4 30E 


FEO3 




CPI 


03 


CLEAR ERRORS ^- 


4310 


CA 1 C43 




JZ 


TUTE 3 


". • 


4313 


C9 




RET 






4314 


3A3742 


TUTE2: 


LDA 


LCMD 




4317 


F604 




ORI 


04 




4319 


323742 




STA 


LCMD 




43 1C 


3A3742 


TUTE3 : 


LDA 


LCMD 




43 1 F 


F6 1 




ORI 


1 OH 




4321 


D3F5 


TUTE4 : 


OUT 


USCMD 


4323 


C9 




RET 






4324 


3A3742 


TUTE 1 : 


LDA 


LCMD 




4327 


E6FB 




ANI 


OFBH 




4329 


323742 




STA 


LCMD 




432G 


C32143 




JMP 


TUX14 





USART COMMAND BLOCK INTERPRETER 

USRUK IS CALLED BY USER WITH THE ADDRESS 

OF THE COMMAND BLOCK IN H,L. USRUN EXAMINES 

THE BLOCK AND INTIALIZES THE REQUESTED OPERATION 

»«««» 



432F 


1 A 


USRUN : 


LDAX 


D 


GET THE CMD FROM THE BLOCK 


4330 


FE43 




CPI 


'C ' 


IS IT A CLEAR COMMAND? 


4332 


CA4043 




JZ 


UCLEAH 


YES GO TO CLEAR ROUTINE 


^335 


FE52 




CPI 


'r ' 


TS TT A RFflD rOMMAWf)'^ 


4337 


CA5D43 




JZ 


UR E A D 


YFS-fin TO RFflF) RnilTTMF 


il33A 


FE57 




CPI 


'w ' 




M33C 


CA9D43 




J z 


IIWR T T P 
u w n i. I £j 




t J 3 r 


CQ 




A £1 1 




HAT A PnAFl AAMMAMT^ DCTTTDM 


1| 3 1| 


c J 


II r T FAR* 


1/ J. 






ij ^ ll 1 
3 4 1 


it r 




V Q ft 


A 

A 


T E* A Q ft 


ii it 






An T 




OUTPUT Ttiff^E TIMES TO ENSURE 


21 Q u 11 

t 3 *t *t 


n ^F 




n TT T 




THAT THE: USART IS IN A KNOWN STATE 


ll 3 II A 
n J *i 






OUT 


USCMD 




H 3 ^ 


^F 4 n 




M W T 


A , 4 H 


UwPE TO RESET USART 


11 "5 Ji a 

'r J H n 


n QF 




n TT T 


T.7 r* u n 


OUTPUT OH OHD CHAnNEL 




3E5E 




MVI 


A , OSES 


CE IMPLIES ASYM MODE (Xl6) 

ODD PARITY 
T STOP BIT 


t3tE 


D3F5 




OUT 


USCMD 


OUTPUT OH CMD CHANNEL 


4350 


AF 




XRA 


A 


CLEAR A, SET ZERO 


4351 


2139IJ2 ■ 




LXI 


fl.TCBA 


CLEAR TCBA AND RCBA 


4354 


77 




MOV 


M, A 




4355 


23 




INX 


H 




4356 


77 




MOV 


M, A 




4357 


23 




INX 


H 




4 358 


77 




MOV 


M, A 




4359 


23 




INX 


H 




435A 


77 




MOV 


M, A 




435B 


FB 




EI 




ENABLE INTERUPTS 


435c 


C9 




RET 




AND RETURN TO USER 



435D 


2 1 3B42 


UREAD : 


LXI 


H , RCBA 


;CHECK READ IDLE 


4360 


7E 




MOV 


A,M 




436 1 


B7 




ORA 


A 




4362 


C26B43 




JNZ 


UROUT 




4 365 


23 




INX 


H 




4 366 


7E 




MOV 


A , M 




4 3 67 


B7 




ORA 


A 




4368 


CA774 3 




JZ 


URDA 


;READ IS IDLE-PROCEDE 


436B 


3EFE 


UROUT: 


MVI 


A , OFEH 


;ALREADY R UN N I NG -E R R OR STATUS 


436D 


217543 




LXI 


H.URDB 


;SET UP RETURN ADDRESS 


4370 


E5 




PUSH 


H 


;PUSH IT INTO STACK 




EB 




X C H C 




;H GETS COMMAND BLOCK ADDRESS 


4372 


CD5B42 




CALL 


CLEAN 


;CALL CLEANUP ROUTINE 


4375 


£9 




PCHL 




;EFFECTIVELY CALLS END ROUTINE 


1376 


C9 


URDB: 


RET 




;RETURN TO USER 


4377 


EB 

223B42 


URDA: 


XCHG 




;H GETS COMMAND BLOCK ADDRESS 


1378 




SHLD 


RCBA 


;BCBA GETS COMMAND BLOCK ADDRESS 


4378 


3A3742 




LDA 


LCMD 


iQET LAST COMMAND 


437E 


F616 




ORI 


16H 


;SBT BXE AND DTR AND RESET ERRORS 


4380 


323742 




STA 


LCMD 


;A»D RETURN TO MEMORY 


4383 


OF 




RRC 




;SET CARRY EQUAL TO TXE 



2-67 



13H7 


3E02 




MVI 


A, 2 






32 3**2 




STA 


TCMi) 




438C 


07 


URBC: 


RLC 






438D 


D3F5 




OUT 


USCMD 


OUTPUT CMD 


t38F 


DBF4 




IN 


USDAI 


CLEAR USART OF LEFT OVER CHARACTERS 


4391 


DBF4 




IN 


USDAI 




t393 


3E82 




MVI 


A , 82H 


MDS-CLEAR RECEIVE INTERUPT 


4395 


D3F3 




OUT 


0F3H 


MDS 


4397 


3EF6 




MVI 


A , 0F6H 


MDS-ENABLE LEVEL THREE 


4399 


D3FC 




OUT 


OFCH 


MDS 


439B 


FB 




EI 




ENABLE INTERUPTS 


«S9C 


C9 




RET 




RETURN TO USER 


439D 


21 3942 


UWRITE: 


LXI 


H.TCBA 


CHECK WRITE IDLE 


43A0 


7E 




MOV 


A,M 




43A 1 


B7 




ORA 


A 




43A2 


C26B43 




JNZ 


UROUT 


BUSY-EXIT 


43A5 


23 




INX 


H 




43A6 


7E 




MOV 


A, M 




43A7 


C26B43 




JNZ 


UROUT 


BUSY-EXIT 


43AA 


EB 




XCHG 




Of;-H GETS COMMAND BLOCK ADDRESS 


43AB 


223942 




SHLI) 


TCBA 


TCBA GETS COMMAND BLOCK ADDRESS 


43AE 


3A3742 




LDA 


LCMD 


GET LAST COMMAND 


43B 1 


F623 




ORI 


023H 


SET RTS.DTR, AND TXEN 


43B3 


323742 




STA 


LCMD 




43B6 


D3F5 




OUT 


USCMD 




43B8 


3EF6 




MVI 


A , 0F6H 


MDS-ENABLE LEVEL THREE INTERUPTS 


43BA 


D3FC 




OUT 


OFCH 


MDS 


43BC 


FB j 




EI 




ENABLE SYSTEM INTERUPTS 


43BD. 


C9 1 




RET 




AND RETURN 



1 

r . - - 



I 



it; 
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USER IS A TEST PROGRAM WHICH EXERCISES USRUN 

»»••« 



4 3 B E 


3 EC 3 


USER : 


MVI 


A , OC 3H 


;ft|l)S-'3©T INTERUPT VECTOH 


)i Q r n 
H U 


00 1 Q n n 
J £: 1 U U 




STA 


1 8H 




4 3C3 


n 1 t Q ji o 
£^ 1 4 2 




L X I 


H , VECTOR 




4 3 C 6 


22 1 y u u 




SHLD 


1 9 H 




ii ^ r* 






11 V 1 






H J L< O 


1 1 1 llU 9 
1 1 1 H H ^ 




T V T 

LAI 


n p n r n p 1^ 




ll ^ p p 


1 




3T AX 


P. 




•t J L> r 


C *J J 






nun 




li Q n 5 


1 n n ii n 
jC 1 u U *t u 




T VT 


a , 13 U r I N 


;LLc,An INPUT oUrrhR 




A W 

A r 






A 




ii 9n A 

•t J V D 


•77 
1 f 




MOV 


M , A 










T M D 
X W n 


L 




43D8 


r on All ^ 




T U 7 


$-2 




4 3DB 


? 1 n fi ll 1 




I V T 




• TMYTTAI Ttl? ^MT'f'DtTT DTTCC'CD 

;lNlllALl£Ci UUirUi DUrrCiIt 


h TIP 






M n U 


M T 










I N R 


L 




u ^ ? n 

H J U 


P 5 n G" ll 3 
U t H ** 3 




T M 7 
J N ^ 


5-2 




ll '3 I? Q 


Ar 




M n w 


tl T 


• DC'THT'TAI T^n" PAUTOfM DT r\ H V Q. 

fiiCilallRLlifCt OUNinUL oLU(^K,o 




2 E5 2 




M VI 


L , R 






2200 4 2 




SHLD 


RBLOCK 




43E9 


2E57 




MVI 


L, 'W ' 




4 3EB 


220 At2 




SHLD 


TBLOCK 




4 3E E 


U 




MOV 


L , H 




43EF 


220642 




SHLD 


RCCT 




43F2 


22 1 042 




SHLD 


TCCT 




4 3F5 


110042 




LXI 


D, RBLOCK 


;START READ 


4 3 F8 


C D2 F4 3 




CALL 


USRUN 




4 3 F B 


T 1 ft 1 1 

1 1 A 4 2 




LXI 


D , TBLOCK 


;START WRITE 


4 3FE 


C D2 F4 3 




CALL 


USRUN 




4 4 1 


3EFF 




MVI 


A , OFFH 


;LOOP WAITIHG COMPLETION 


4 4 3 


321642 




STA 


FLAG 


;FLAG WILL BE SET BY COMPLETIOM 


4406 


3A'i642 




LDA 


FLAG 




4409 


B7 




ORA 


A 




4 4 OA 


C20644 




JNZ 


$-4 




440D 


210040 




LXI 


H.BUFIN 


;TEST INPUT BUFFER =OUTPUT BUFFER 


4410 


7E 


COHLP: 


MOV 


A,M 




44 1 1 


24 




INR 


H 




4412 


BE 




CMP 


M 




44 1 3 


C21E44 




JNZ 


COMER 




44 1 6 


25 




DCR 


H 




44 1 7 


2C 




INR 


L 




4418 


C21 044 




JNZ 


COMLP 




441B 


C3BE43 




JMP 


USER 


GOOD COMPARE-REPEAT TEST 


44 IE 


C7 


COMER: 


RST 





ERROR-RETURN TO MONITOR 


0000 






END 







BSTAT 

CLEAN 

EXCHA 

LCMD 

RBAD 

R CR 

R ISRB 

TBLOC 

TCR 

TRCT 

T UTE3 

U RDB 

USCMD 

USRUN 

VOUT 



OOFF 
l»'2 5B 
42BE 
4237 
4202 
42 17 
4299 
420A 
4227 
420E 
431C 
4376 
OOFS 
432F 
427E 



BUFIN 

COMER 

FLAG 

LOADA 

RBLOC 

RCRA 

RISRE 

TCBA 

TCRA 

TUTE 

TUTE4 

URDC 

USDAI 

USTAT 



4000 
441E 
4216 
423E 
4200 
4208 
42B9 
4239 
4212 
4304 
4321 
438C 
O0F4 
00F5 



BWOU 
COMLP 

GBLOC 

MTAB 

RCBA 

RISR 

RRCT 

TCCT 

TISR 

TUTE 1 

UCLEA 

UREAD 

USDAG 

UWRIT 



4 100 
44 1 
4214 
423D 
423B 
4288 
4204 
42 1 
42D4 
4324 
4340 
435D 
00F4 
439D 



CEND 

EXA 

GSTAT 

PEND 

RCCT 

RISRA 

TBAD 

TCMD 

TISRA 

TUTE2 

URDA 

UROUT 

USER 

VECTO 



000 1 
42C 1 
0000 
42CF 
4206 
42AE 
420C 
4238 
42EC 
4314 
4377 
4 3 6B 
43BE 
4268 



a:- 



. 1 1 ■ ■ 



mmmxA 

8251 DESIGN HINTS 



1 . Output of a command to the USART destroys 
the integrity of a transmission in progress if 
timed incorrectly. 

Sending a command into the USART will over- 
write any character which is stored in the buffer 
waiting for transfer to the paralhl-to-serial con- 
verter in the device. This can be avoided by 
waiting for TxRDY to be asserted before send- 
ing a command if transmission :.s taking place. 
Due to the internal structure of tlie USART, it is 
also possible to disturb the transmission if a 
command is sent while a S YN character is being 
generated by the device. (The USART generates 
a SYN if the software fails to respond to 
TxRDY.) If this occurrence is possible in a sys- 
tem, commands should be transferred only when 
a positive-going edge is detected on the TxRDY 
line. 

2. RxE only acts as a mask to RxP.DY; it does not 
control the operation of the receiver. 

When the receiver is enabled, it is possible for it 
to already contain one or two characters. These 
characters should be read and discarded when 
the RxE bit is first set. Because of these extrane- 
ous characters the proper sequence for gaining 
synchronization is as follows: 

1 . Disable interrupts 

2. Issue a command to enter hunt mode, clear 
errors, and enable the receiver (EH,ER.Rj'E= 
1) 

3. Read USART data (it is not necessary to 

check status) 

4. Enable interrupts 

The first RxRDY that occurs after the above 
sequence will indicate that the SYN character or 



characters have been detected and the next char- 
acter has been assembled and is ready to be read. 

3. Loss of CTS or dropping TxEnable will immedi- 
ately clamp the serial output line. 

TxEnable and RTS should remain asserted until 
the transmission is complete. Note that this im- 
pUes that not only has the USART completed 
the transfer of all bits of the last cbmcter, but 
also that they have cleared the modem. A delay 
of 1 msec following a proper occtirrence of 
TxEmpty is usually suffident (see item 4). An 
additional problem can occur in the synchro- 
nous mode because the loss of TxEnable clamps 
the data in at a SPACE instead of the normal 
MARK. This problem, which does not occur in 
the asynchronous mode, can be corrected by an 
external gate combining RTS and the serial out- 
put data. 

4. Extraneous transitions can: occur on TxEmpty 
while data (including USART geiietated SYNs) 

is transferred to the parallel-to-serial converter. 

This situation can be avoided by ensuring that 
TxEmpty occurs during several consecutive 
status reads before assuming that the transmitter 
is truly in the empty state. 

5. A BREAK (i.e., long space) del&eted by the 
receiver results in a string of characters which 
have framing errors. 

If reception is to be continued after a BREAK, 
care must be taken to ensure that valid data is 
being received; special care must be taken with 
the last character perceived during a BREAK, 
since its value, including any framing error asso- 
ciated with it, is indeterminate. 
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INTRODUCTION 

Microprocessor-based system desigas are a cost- 
effective solution to a wide variety of problems. 
Wlien a system designer is presented with the 
task of selecting a microprocessor for a design, the 
capabilities of the microprocessor should not be 
the only consideration. The microprocessor should 
be an element of a: compatible family of devices. 
The MCS-80 component family is a group of com- 
patible devices which have been designed to 
directly address and solve the problems of micro- 
processor-based system design. One member of the 
MCS-80 component family is Intel's 8255A pro- 
grammable peripheral interface chip. This device 
replaces a significant percentage of the logic re- 
quired to support a variety of byts oriented Input/ 
Output interfaces. Through the use of the 8255A, 
the I/O interface design taslc is significantly simpli- 
fied, the design flexibility is increased, and the 
number of components required is reduced. 
This application note presents detailed design 
examples from both the hardware and software 
points of view. Since the 8255A is an extremely 
flexible device, it is impossible 1:0 list all of the 
applications and configurations of the device. A 
number of designs are presented which may be 
modified to fulfill specific user interface require- 
ments. 

Detailed design examples are discussed within the 
context of the 8080 system shown in Figure 1 . The 
basic 8080 system is composed of the CPU mod- 
ule, memory module, and the I/O module. CPU 
module and memory module design are discussed 



within other Intel publications. This application 
note deals exclusively with I/O module design. 

It is assumed that the reader is familiar with the 
MCS-80 User's Manual and/or the MCS-85 User's 
Manual, particularly the 8255A device description. 

OVERVIEW OF THE 8255A 

The 825 5 A block diagram shown in Figure 2 has 
been divided into three sections: 8080 CPU Mod- 
ule Interface, Peripheral Interface, and the Internal 
Logic. 



DIRECTIONAL DATA BUS 




Figure 2. 8255A Block Diagram 
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DATA BUS IS LINES! 



IE 



CONTROL BUS (6 LINES) 







ADDRESS BUS (16 LINES) 



8080 CPU MODULE INTERFACE 

The 8255A is a compatible member of the MCS-80 
component family and, therefore, may be directly 
interfaced to the 8080. Figure 3 displays one method 
of interconnecting the 8255A and an 8080 CPU 
module. The 8080 CPU module consists of the 
8080A CPU, the 8224 Clock Generator, and the 
8228 System Controller. The system shown in 
Figure 3 utilizes a linear select scheme whicji dedi- 
cates an address Une as an exclusive enable (chip 
select) for each specific I/O device. The chip select 
signal is used to enable communication between 
the selected 8255A and the 8080 CPU. I/O Ports 
A, B, C, or the Control Word Register are selected 
by the two port select signals (A], Aq). These 
signals (Aj and Aq) are driven by the least signifi- 
cant bits of the address bus. The I/O port select 
characters required by this configuration are shown 
in Figure 4. 



3«4 



When a system utilizing the linear select scheme is 
implemented, a maximum of six I/O devices may 
be selected. If more than six I/O devices must be 
addressed, the six device select bits must be en- 
coded to generate a maximum of 64 device select 
lines. Note that when large systems are imple- 
mented, bus loading considerations may require 
that bus drivers be included in the CPU module. 
The MCS-80 Cotnt'Onent famffly oontains parts 
which are designed to perform this function (8216, 
8226). 

The 8255A I/O read (RD) and I/O write (WR) 
signals may be directly driven by the 8228. This 
results in an isolated I/O architecture where 8080 
Input/Output instructions are used to reference an 
independent I/O address space. An alternate ap- 
proach is memory mapped I/O. This architecture 
treats an area of memory as the I/O address space. 
The memory mapped I/O architecture utilizes 
8080 memory reference instructions to access the 
I/O address space. Interfacing with the 8080 is 
outlined in Chapter 3 of the "8080 Microcomputer 
User's Manual". 

The most important feature of the 8255A to 8080 
CPU Module Interface is that for Stnall system 
designs the 8255A may be interfaced directly to 



the standard MCS-80 component family with no 
external logic. Minimum external logic is required 
in large system designs. 



*7 *4 *3 *2 *1 




SaSSAPoft Selec t 

00 PofI A 

01 Pt.ri a 

ID Porl C 

11 Control Word Register 

y%6A:=1 Selec t 
0- Select 
1 = No Select 

825SA =2 Selec t 
0=Select 



Pert Salaoted 


Hexadecimal Port Sslttct Cturscttr 

(Used with IN or OUT InnructionsI 


Port A 82^ #i ' 


F8 


Port a 825^=1 


F9 


PortG 8^SA«1 


FA 


Control Word Rs^iMr 8265A # 1 


FB 


Port A 82^A ^2 


F4 


PortB B255A=2 


F5 


PortC 8^5A=2 


F6 


Control Won) Regitnr82KA %2 


F7 



Figure 4. I/O Port Select Characters 



8224 
CLOCK 
GENERATOR 
DRIVER 



^ DATA BUS^ 



STATUS STROBE 



8228 
SYSTEM 
COrfTROLLER 



DATA BUS / a 



RESET 



PA7_o 

1 

_ 8255A 



7-0 



RESET 



Ni \/ 

/i tv 



Figure 3. Linear Select 82S5A Interconnect 
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PERIPHERAL INTERFACE SECTION 

The peripheral interface sectiiOn contains 24 per- 
ipheral interfabe lineis, bufferiil and control logic. 
The characteristics and functions of the interface 
Unes are determined by the operating mode se- 
lected under program control. The flexibihty of 
the 8255A is due to the fact that the device is 
programmable. Three modes of operation may be 
selected under program control: Mode — Basic 
Input/Output, Mode 1 - Strobed Input/Output 
with interrupt support, and Mode 2 — Bidirectional 
bira math interrupt support. Through selecting the 
coirect operatii;g mode, the interface Unes may be 
configured to' ftilflll specific interface require- 
ments. The characteristics of the interface lines 
within each mode must be understood so that the 
designer may utilize the 8255A to achieve the most 
efficient design. Table I lists the basic features of 
the peripheral interface lines w thin each mode 
group. Figure 5 shows the grouping of the periph- 
eral ihfeirfaGe Uiies withm each mode. 



Mode - Basic Input/Output 



Two 8-bit ports 

Two 4-bit ports with bit set/reset capability 
Outputs are latched 
Inputs are not latched 



IVIode 1 — Strobed Input/Output 



One or two strobed port! 
Each Mode 1 port contains: 

8-bit data port 

3 control lines 

Interrupt support logic 
Any port may be input or output 
If one Mode 1 port is used, the remaining 13 lines 
may be configured in Mode 0. 

If two Mode 1 ports are used, the J^illij|lit^..St|iCs 
may be input or output with bit set/Nset ;oafaf>Mfy. 



Mode 2 — Strobed Bidirectional Bus 



One bfd^i-ectional'bus which cdntaii%: 

8-bit bidirectional bus supported '6^ IPHMTiK 

5 control lines 

Interrupt support logic 

Inputs and outputs are latched 
The remaining 11 lines may be configured in either 
Mode or Mode 1. 



One feature of Port C is important to note. Each 
Port C bit may be individually set and reset. 
Through the use of this feature, device strobes may 
be easily generated by software without utilizing 
external logic. The Mode 1 and Mode 2 configura- 
titerns use a number qfcttie Port C lines for interruiit 
control lines. Thus, tiii 825SA mtitn&m a large por- 
tion of the logic required to implement an inter- 
rupt driven I/O interface. This feature simpUfies 
interrupt driven hardware design and saves a signi- 
ficant amount of the external logic that is normally 
required when less powerful I/O chips are used. In 
fact, the design examples contained in this apphca- 
tion note describe how interrupt driven interfaces 
may be designed^ such that the only interrupt con- 
trol logic reqvptM i$,.i^at contained in the 8255A. 



ADDRESS BUS 



IT 



TT 



•>7-°0 



j4^/0 

(Bj-JGo Kj-Kf PA7-PA0 



■4 



B PCq PC] PC2 



PC, PCd PCc PCr PC- 



m^^^ INTRg IBFg §T6^ tHTRj^Sn^ CBF;^ I/O I/O PA7-PA0 
OR OR OR OR OR OR 

OBFq ACKq I/O I/O ACK;^ OBF^ 

PORT A, PORT B CONTROL 



PCn PC, PC, PC, PC- PCc PCg PC7 



PB7-PB0 



INTR^ I8F^ OBF^n PA7-PAQ 



WRT A CONTROL 



PORT B MAY BE 
MODEOORMSD&I 



DIRECTIONAL 



Figure 5. Grouping of Peripheral Interface Lines 
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INTERNAL LOGIC SECTION 

The intemal logic section manages the transfer of 
data and control information on the intemal data 

bus (refer to Figure 2). If the port select lines (Aj 
and Aq) specify Ports A. B, or C, the operation is 
an I/O port data transfer. The internal logic will 
select the specified I/O port and perform the data 
transfer between the I/O port and ihe CPU inter- 
face. As was previously mentioned, Doth the func- 
tional configuration of each port and bit set/reset 
on Port C are controlled by the system's software. 
When the control word register is selected, the 
intemal logic performs the operation described by 
the control word. The control word contains an 
opcode field which defines which of the two func- 
tions are to be performed (mode de finition or bit 
set/reset). 

Mode Definition 

When the opcode field (Bit 7) of the control word 
is equal to a oiie, the control wordi is interpreted 
by the 8255A as i mode definition control word. 
The mode definition control word (shown in Fig- 
ure 6) is used to specify the configuration of the 



24 8255A peripheral interface lines. The system's 
software may specify the modes of Port A and Port 
B independently. Port C may be treated independ- 
ently or divided into two portions as required by 
the Port A md Port B mode definitions. 

IxaJttfl|b ^fl: This example demonstrates how a 
mo^^ cdnd"ol word is coiistracted and issued to an 
8255X. The mode control wOrd is passed to the 

device through the use of an output instruction 
that references an 8080 I/O port address. The value 
of the I/O port address is determined by the 8080 
CPU interface implemented. This example refer- 
ences the I/O port addresses realized by the simple 
8080 to 8255A interface shown in Figur*3. 

If an 8255A is to be configured through the use of 
the mode control word interface as: 

Port A Mode Input 

Port B Mode 1 Output 

Port C Bits PC7-PC4 Output 

Porte Bit 3 Input 

The following mode control word is used: 



CONTROtWORD 



O5 D, ' Dj Dj 



PORT C (LOWER - PC3-PCQI 
1 = INPUT 
= OUTPUT 



PORTB 

1-llWOT 

O-OUTPUT 



MODE SELECTION 

= MODE 

1 = MODE 1 



I °7 I D6 I °5 I °4 I D3 I D2 I D] I Pq I 



Port C Bit 3 Ittput = 1 



Port B Outptil = 



Port C Bin PC7~PC4 Oul|Mit > 



Port A Input = 1 



Port A Mode = 00 



Opcode ModaSet- 1 



Moda Control Word = 10010101 Binarv, 



PORT C (UPPER - PC7-PC4) 
1 - INPUT, 



pout A 
1- INPUT 
= C»UTPtJT 

MODE SELECTION 

00 = MODS 

01 = MOD£ 1 
IX = MODE 2 



The assembly language program is: 



1 « MODE SET 



SOU WBH J 82^41 CONTlROI- WORD REGISTER 

E MODS CCH4TROI. WORD 



MVI 

Out 



AftOOIOtOtB 

elm 



; GET MODE CONTnOL WORD 

; OUTPUT TO S2SBA#1 CONTROL WORD 

; REGISTER 



Figure 6. Mode Definition Control Word 
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Bit Set/Reset 

When the opcode field (Bit 7) of the control word 
is equal to a zero, the control word is interpreted 
by the 8255A as a Port C bit set/reset command 
word (see Figure 7). Through the use of the bit 

set/reset command, any of the 8 bits on Port C 
may be independently set or reset. Note that con- 
trol word bits 6—4 are not used. Bits 6—4 should 

be set to zero. 



Control wma im 7). 



|P7|D6|P5|D4|D3|d2|Pi|do| 



Set Bit = 1. Reset Bit= 



Bit Setect - on {Birwtyl " 3 IDecimal) 



8it Set''Reiet Opcod»'=^ 



The control word tor set Pon C bit 3 is 000001 1 1 binary. 
The control word for reset Port C bit 3 is 000001 10 binary. 



The assembly language progm ttl 



CONTROL WORD 



NOT L@ED SET TO 000 



SET/RESET FLAG 



BITO 

BIT 1 
BIT 2 
BIT 3 
BIT 4 



2^ 



0" BIT SET/RESET 



CWR EQU OFBH 
; SET BIT 3 



^#l CONTROL WOBD SESISTER 



MVI A.00(Kni11B jCerSETBITSCONITfOLJWOtlO' 

OUT CWR :OUTPUTT082SSA#1 CONTROLWOROREGISTER 



• M8S<ff»Wr . i-Mt RESET BIT 3;C0NTHQL » 



NOTE; An MVI instruction is used to load the reset bit 3 
control word into the A register. Since it is known 
that the set bit control word is already in the A 
register, a "DCR A" Instruction could be used to 
generate the correct control word and save one 
byte of code. 

000001 1 1 1 = 000001 10 (RESET BIT 3 CON- 
TROL WORD) 



Figure 7. Bit Set/Reset Control Word 



Example #3: This example demonstrates one 
simple method of performing a bit set/reset opera- 
tion on Ports A and B. The state of any output 
port may be determined by reading the port. The 
assembly langua^ jriO|ram which may be used to 
set/reset fm^JmSm ^ is: 

. :;^_-;.^.ir.-' 



Example #2: This example demonstrates how a 
Port C bit set/reset control word is constructed and 
issued to an 8255A, lli^,!>it set/reset control word 
is passed to the device through the use of an output 
instruction that references an 8080 I/O port ad- 
dress. The value of the I/O port address is deter- 
mined by the 8080 CPU interface implemented. 
This example references the I/O port addresses 
realized by the simple 8080 to 8 25 5 A interface 



PORTA EQU 0F8H 
; SETBITO 



IN- KeniM 

ORI m» 

OUT <«e«*s 

RESET SIT 

IN PORTA 

ANI OFEH 

OUT PORTA 



;8255A PORTA 



J GET STATE OF PORT 
.-set BITO 
J'©yWUT TO PORT 



SET STATE OF PORT 
RESET BITO 
OUTPUT TO PORT 



INTERRUPT eCmSOL LOGIC STATUS 
WORDS 



As previously mentioned, the 8255A Mode 1 and 
Mode 2 configurations support interrupt control 
logic. If a read of Port C is issued when the 8255 A is 

configured in Mode 1, the software will receive the 
Mode 1 status word shown in Figure 8. The bits in 
the status word correspond to the state of the asso- 
ciated Port C lines (buffer full, interrupt request, 
etc.). The INTE bit shown in the status word corre- 
sponds to the interrupt enable flip-flop contained 
in the 8255A. This signal is not available externally. 
The structure of the Mode 1 status word varies as a 
function of the mode of the 8255A. Example #4 
shows the status word which results from reading 
Port C from an 8255A which i$ configured with 
Port A Mode 1 input and Port B Mode 1 oHtpiitii . 



°7|P6|°5|°4|°3|P2|Di|°q| 



Not U«d =■ SMto 



PortB OutiMifO 



PortB Model-1 



Port C Bitt 6 & 7 Otitput - 



Port A Input = 1 



Port A MorlB = 01 



OpcQtle Morte SH ° 1 



Mode Control Word = 10110100 Binary. 



After the 8255A mode control word has been 
issued, a READ of Port C will obtain the following 
Mode 1 status word: 



[e7 D, Ds P4 B3 0; P) 



INTE* INTRfl 



G ROUP B 
STATUS 
INPUT 
PORT 



1 INTEb| IBFg 


1NTBb| 


OUTPUT 




PORT 




i 






Do 


1 iNTEj 1 5iF^ 


INTRb| 



D7 


06 


D5 


D4 


03 


02 


Dl 


Do 


I/O 


I/O 


IFBa 


INTEa 


INTRA 


INTEb 


□BfB 


INTRb 



NOTE: The Port C I/O bits D7 and should be modified 
thiongh the use of the Port C bit set/reset com- 
mand word. If a write to Port C is issued, the 
INTEa and INTEg bits may be inadve rtently 
modified by the user. The IBP A, INTRa, OBFb, 
and INTRg bits will not be modified by either a 
write to Port C or a bit set/reset command. These 
four bits jUways reflect the state of the interrupt 
coijtroi lt®c. ' 



Figure 8. Mode 1 Status Word 



Example #4 - MODE 1 STATUS WORD 

If an 8255A is to fee confiigured throu^ the use of 
the mode Control word interface as: 

Port A Mode 1 Input 
Port B Mode 1 Output 
Port e Bits 6 & 7 Output 

The following mode control word is use^: 



Note that the Mode 2 status word (shown in Fig- 
ure 9) differs from the Mode 1 status word. The 
format of the status word data bits D2— Dq are 
defined by the specification of the Port B configu- 
ration. Example #5 shows the structure of the 
Mode 2 status word when the 825 5 A is configured 
with Port A Mode 2 (bidirectional bus) and Port B 
Mode 1 input. 

The Mode 1 and Mode 2 status words reflect the 
state of the interrupt logic supported by the 825 5 A. 
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j. 



Example #6 demonstrates how the interrupt 
enable bits are controlled through the use of the 
Port C bit set/reset feature. The application exam- 
ples provide a more detailed explanation of the use 
of the Port C status word in thi Mode Land Mode 
2 configurations. 



After the 8255A mode control word has been 
issued, a read of Port C will obtain the following 
Mode 2 statu^ ^pid: 



' 1 ■ 



Mods 2 Status Word 
from Pert C READ 





06 


°5 


D4 


O3 


D2 


D, Do 




INTEq 


IBFa 


INTE2 




INTEa 


IBFb j INTRg 



3 



enewA 

STATUS 



O7 °r, Ob 



OBFa imte. 



GROUPS 
STATVS 



1 



MODE 1 
INPUT 
PORT 



MODE 1 
OUTPUT 
PORT 



INTEr IBFo I (NTRd 



D, D, Dn 



■1. , 



..3 'fa 



IPlTEg CSFq INTRg 



Figure 9. Mode 2 Status Word 



#i - MOi)te i STATUS Word 

If the 8255A is to be configured a> follows: 

Poft A Mode 2 Bidirectional Bus 
PoiSE Mode 1 Input 

The llifcwiig liiode control «d : 



05 P4 



03 I D2 I Dl I Dp I 



Not Used = Set to 



Port B Input = 1 



PortB Moce 1 = 1 



Not Uied = Set to 00 



Port A Mod8 2= 10 



Mod^^^itr^ilW^ 7 T,JjlCi^1,10,,S!i^^ 



Example #6 - MODE 2 INTERRUPT ENABLE/ 
DISABLE 

The Mode 2 status word shown in Figure 9 con- 
tains two interrupt enable bits: 



INTEi — Bit 6 — Enable output interrupts 
INTE2 — Bit 4 — Enable input interrupts 



Bit set/reset control words may be constructed 
which may be used to control the ENTE bits. 



Set Bit 6 (Enable Output Interrupts ) = 
00001101 Binary 

Reset Bit 6 (Disable Output Interrupts) ■ 
00001 100 Binary 

Set Bit 4 (Enable Input Intepupts) = 
00001001 Binary 

Reset Bit 4 (Disable Input Interrupts) = 
00001000 Binary 



The control words shown were constructed from 
the standard bit set|tBset format shown in Fig- 
ure 7. 

The value of CWR used in the following program 
example corresponds to the 8080 configuration 
shown in Figure 3. 



EQU OFBH ;e255A =1 CONTROL WORD REGISTER 

ENABLE INTERRUPTS FOR MODE 2 OUTPUT ISET PORT C BIT61 



; GET SET BIT 6 CONTROL WOIM> 

; OUTPUT TO 8255 ei CONTROL WORD REGISTER 



DISABLE INTERRUI'TS F-OR MODE 2 OUTPUT (RESET PORT CB1T6 
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SOFTWARE CONSIDERATIONS 



Regardless of the mode selected, the software must 
always issue the correct mode control word after k 
reset of the device. Generally, an initialization 
routine is constructed which issues the correct 
mode control wordj sets up the initial state of the 
control lines, and initiaHzes any program internal 
data. 

Many of the software requirements of the 8255A 
vary as a function of the mode selected. The 
simplest mode supported by the device is Mode 
(Basic Iflput/Out^ut). Generally, Mode O^'psled 
for simple status driven device interfaces (no iiiter- 
rupts). Figure 10 illustrates sample software that 
could be used to support such interfaces. Most 
devices support a BUSY or READY signal which is 
used to determine when the device is ready to 
input or output data and a DATA STROBE which 
is used to request data transfer (E>ATA STROBE 
may easily be generated with the Port C bit set/ 
reset feature). In the Mode configuration. Ports 
A and B are used to input/output byte oriented 
data. Port C is used to input 8255A status, peri- 
pheral status and to drive peripheral control lines. 

When the Mode 1 and Mode 2 configurations are 
used, the software is generally required to support 
interrupts. Software routines written for an inter- 
rupt driven environment tend to be more complex 
than status driven routines. The added complexity 
is due to the fact that interrupt driven systems are 
constructed such that other software tasks arc run 
while the I/O traisaction is in progress. A software 
routine that controls a peripheral 4ewGe is;gener- 
ally referred to as a device driver. Cjne me'thod of 
implementing an interrupt driven device driver is to 
partition the device driver into a "Command Proc- 
essor" and an "Interrupt Service Routine". The 
command processor is the module that validates 




Figure 10. Sample Status Driven Software Fiowchart 



and initiates user program requests to the device 
driver. A common method of passing information 
between the various software programs is to have 
the requesting routine provide a device control 
block in memory. A sample device control block is 
shown in Table II. 



Table II. Sample Device Control Block 



NAME 


DESCRIPTION 


Status 

Opcode 
Buffer Address 
Character Count 
Character Transferred Count 
Completion Address 


This 1-byte field is used to transmit the sttatus of the I/O transaction (busy, 
complete^ece.). 

This 1-byte field defines the type of I/O (READ, WRITE, etc.). 

This 2-byte field specifies the source/destination of the data block. 

This 1-byte field is a count of the number of characters involved in the transaction. 

This 1-byte count of the number of characters which were actually transferred. 

This 2-byte field is the address of the user supplied completion routine which will 
be called after the I/O has been performed. 



bloclc. Control is then returned to the requestor so 

that oiher processing may proceed. The ialsflWit 
service routine processes the remainder of the 
transaction. 

The interrupt service routine supports the follow- 
ing ftMetiSnsf, 

1 . The state of the machine (registers, status, etc.) 
must be saved so that it may be restored after 
the interrupt is processed. 

2. The soiyce of the interrupt must be determined. 
tUss haitfww^m^y support Ifiagister which indi^ 
cates t&e.teterrapting device, ap^J3)& SLoftware 
may poll the devices through in"Ktrogating the 

Port C status word of each 8255A. 

3. Data must be passed to or from the device. 

4. Ccmttql mvm be passed to the requesting routine 
M. tiie cOffl^Mon of the I/O. 

5. The state Of the machine must be restored be- 
fore returning to the interrupted |>Togram. 




SET UP INITIAL 
STATE OF DEVICE & 
DEVICE CONTROL 
BLOCK 




POST 
TO USER 
^COMPLETIONS 
ROUTINE 



processor and interrupt service ro»&e modules. 

The rest of this apphcation note presents specific 
application examples. All of the 8080 assembly 
language programs supplied with the application 
examples use the standard Intel 8080 assembly 
language mnemonics. The programs discussed use 
the program equate statement to specify all hard- 
ware related data. Equate statements are used so 
that all references to an I/O port may be change^ 
through a simple reassignment of the porjt address 
in the equate statement. 



TERRUIT 




(RETURN \ 
TO CALLER J 




Figure 11. Command Proeatimr_|^^,. .,-,. , J . ( v ii f^'SM^^ ,1f^- Interrupt Service Routine 



mi 



MODE - STATUS^EHttVlN PKIIPHERAL 

INTERFACE 

This design example sliows how a single 825 5 A in 
Mode may be used to develop a status .drivttn. 
Meiface (no interrupts) for ths '^iMS^^ iBB j • V 
character printer, the Remex paper t^piet pijiii^, 
and the Remex paper tape reMer. , 



825 5 A To Peripheral Hardware Interface 
The first step in the design is to examine the speci- 
fication far the p^pfieral devices and identify the 
control anid data :Si^al$ which must be supported 
by the interface. Table III lists the signals which 
were chosen to be supported by the 8255A inter- 
face. All three of the devices supporc the standard 



Table III. PwrlphM Iiftsi<f8e8 Signals 



CHARACTER PRIM 



Name: 
Definition: 



Name: 

Definition: 



Name: 
Definition: 



DATA 0-DATA 7 
Input data levels. A higli signal represents a 



jbinary 1 and a low sigitai repHn«>ts« binary 
<h! These eigfit lines are the tiafa'lin«i to ^ 
printer. 

DATA STROBE 

A 0.5 usee pulse (minimum) usetLto trans- 
fer data from the 8255A to thf Bfinter. 
BUSY 

The level indicating that the printer cannot 
receive data. 



PAPER TAPE PUNCH 



Name: 
Definition: 



Name: 

Definition: 



Name: 
Definition: 



TRACKS 1-8 DATA INPUT 
Input data levels. A high signal causes a 
hale to N punched 00 the^s^ei^'tipek. ' 
ThM eight lines are the data. lines M the 

PUNCH COMMAND INPUT ; j 

A true condition movesflWtSpeWia^ "T 

initiates punching the tape. This signal is> ' ■ 

actually a data strobe. 

PUNCH READY OUTPUT 

True signal indicates that the punch is ready 

to accep^ a pun^ cornmantf. This isjhs 

punch busy line. 



PAPER TAPE READER 



Name: 
Definition: 



Name: 
Definition: 



Name: 
Definition: 



DATA TRACK OUTPUTS 

True signal indicates data tracl< hole. These 

eijj^t lines ara the data lines frgn^ thapunch. 

WIWWght 

True signal drives the tape to tM rigttt and 

reads a character. This signal is actu^ty 0ie 

data strobe (initiate read signal). 

DATA READY OUTPUT 

True signal indicates data track outputs are 

in "On character" condition. This signal is 

the reader busy line. 



BUSY/DATA STROBE interface discussed previ- 
ously (see Figure 10). Figure 13 is a block diagram 
of the interface design. The 8255A Port A is con- 
figured as a Mode output port which is used to 
support the printer and the paper tape punch data 
bus. Port B is configured as a Mode input port 
and K used to input the paper tape reader data. 

of the Port C lower bits (PC2-PC0) config- 
tJfeff in tepiut mode are used to input the device 
busy indications. Three of the Port C upper bits 
(PC6-PC4) configured in output mode are used to 
support the device strobe signals required by each 
device. 

The drive requirements of the interface lines are a 
function of the peripheral interface circuitry, the 
length of the interface cable, and the environment 
in which the imit is running. In this particular de- 
sign example, all output lines from the 8255A to 
the peripherals were buffered through a 7407 
btfffier/diifer. The input lines from the peripherals 
f ^teifl jd #irfec% into the Port C and Port B inputs. 

80$0 CPU Module To 82S5A Interface 
The s<Ai^matic of the completed hardware design is 
sh#tM in Figure 14. The CPU module design 
shown is the design which was implemented for 
Intel's SDK 80 kit board. The 8255A is addressed 
through the use of an isohited I/O architecture 
utilizing a Hnear select scheme. Address bits Ai and 
Aq are used to select the 8255A port. Address bit 
A3 is tlie exclusive enable for 82S5A Exami- 
nation of the schematic shows tiiat all of the 
8255A interface lines are directly driven by the 
CPUfttoiule. 



PCj 



OUTPUT B»TA BUS - « MW6S 



CHARACTER 
PRINTER 



PUNCH COMMAND INPUT 



"P^NOJ R€AOV OUTPUT 



V 



INPUT DATA BUS - 8 LINES 



DATA READY OUTPUT 



DHIVE RIGHT 



NOTE: 

1. OUTPUT DATA BUS BUFFERED WITH 7407. 

2. ALL 825tiA OUTPUT LINES ARE PULLED UP TO -<-5 V AT THE PERIPHERAL. 

Figure 13. Interface Block Diagram 
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Mode Interface Software 



An initialization routine and three device driver? 
(one for each peripbeTail device) are requireifto 
support the peripheral- interface. The I/O port 
addresses implemented by the hardware are shown 
in Figure 15. The unused chip select bits are set to 
one so that chip select conflicts will not result if 
the unused, bite wse leqidred by me «3C|«nded as- 
tern. ' ' - ' h - ' 



; I A6 I As [ I A3 I A; 



■ 8255A»tertliSriBct 



TITLE 'NODE ZEIK) WffUS' 



00 h>nA 

01 PortB 

10 PortC 

1 1 Control Wotd Reginar 



, PIPSB TAn REUIBI 



825SA#t Select 



= s«leet 

1 ^ No Select 



8255A a 2 SelB ct 



PODIA 
POHTB 
PORTC 



PROGHAH EQUATES 

OfHH 
0P5H 



i 8255 PORT il 
1 e^5 FOB! B 
i; POUT C 



O^Setect 
1 = NoSM 

'Stun* iMe^ tilhiiftttti fil^^Hi^ 



millLIZATION COliTROL HORD 

OSW TO CCWPICURE THE 82^ tS FOLLDUS: 
KSrr A - OOTPUT MffiE ^» 

rt^ % - nam na et iSBo 
Snr c (OTPBi) - witPUT 

FC»r :C (UMBil) - IHPtIT 



Pon Selected 


Pon Select Character 
lln Hexadecimal) 


Port A 8255A =1 


F4 


Port B 8255A =1 


F5 


Port C 825BA #1 


F6 


Control Word Register 8255A a 1 


F7 


Pon A 8255A #2 


EC 


Port B 825SA #2 


ED 


Port C 82iraA #2 


E£ 


Control Word Regiitwe2^ 42 


EF 



BQU lOOOOOIIB 



; IKlTl&UZitTIOII CO«IML VCaD 



^/RBSET CONTROL HOBDS FOR OENeRATIlM OP DATA STR(»BS 



Figure 15. I/O Port Addresses 





! OK PORT 


c. 




QOOD 


LPSON EOU 


00001 101B 


; PRINTER DATA STROBE ON 


0()DC 


LPSOF EQU 


oooonooB 


; PRINTER DATA STROBE OPF 


OOiOB 


PttSOK EQU 


O0O0IO11B 


; PUNCtl DATA STROBE OH 


ODOA 


PHSOr HW 


00001010a 


; PUNCH DATA STROBE OPF 


om 


aosoi m 


ooootoots 


; READER DATA STROBE OH 


0008 


msoF no 


oottMooes 


i REAISII DATA STROBE OPF 






E nt GCf lot B 


m CHECK 




LPBST BOO 

piiBT Bcn 


OU 1 u> 


B PURTEB 8DS1 
m BUST 


0001 


BDBST BQB 


Old i IBAI 


Om BUS! 



Note that the initiaUzation routine issues the 
mode control word (shown in Figure 16). It also 
sets the low true DATA STROBE signals to an 
inactive (high) state. 



Hardware Requirements: 

Port A - Output Mode 
Pon C Upper Bus C7-C4 - Ouipui Mode 
Port C-Lower Bits C3-C0 - Input Mode 
Port B - Input Mode 



INITIALIZATIOtl ROUmE 



PRaGHA^f ORIOIH 



I [ Q [ [ 1 I T 



Pon C Lower l/t) — Input Mode 



Pon B lyo - Input Mode 



Poft B Mode - Set to Mode 



SET ALL LOV TRUE DATA STROBES OH 



PoitC Uppefl/e-eaiBwMotle 



Port A t/O - Qtttptt Mcde 



300* 3Sao 
3006 D3PT 
3008 3B09 
30OA 



; GET CONTROL WORD TO TURK OH PHIHTEH DATA STROK 

T OUTPUT TO CONTROL WORD REGISTER 

; GET CONTROL WORD TO TURN OH READER DATA STROBE 

; OUTPUT TO CONTROL UORD REGISTER 

; RETURN TO CALLER 



Port A Mode -Set to Mods 



Opcode = Mode Set = 1 



Mode Control Word = 10000001 1 Binary = 83 HEX. 



Figure 16. Mode Control Word 
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The three peripheral drivers which follow all have 
the basic structure discussed previously. Consider 

the printer routine. Here the user routine places an 
ASCII data character in the C-register and passes 
control to the LPST location through a subroutine 
call. The printer driver interrogates the status of 
the printer by reading Port C. If the printer is busy, 
the routine wiU loop until the printer is idle. When 
the printer is ready to accept a data character, the 
character is placed on the Port A lines and a DATA 
STROBE is generated. After generating the DATA 
STROBE, the driver executes a subroutine return 
to the caller. 

The DATA STROBE signals to the devices are 
generated through the use of the Port C bit set/ 
reset feature. The bit set /reset control words used 
are shown in Figure 17. 

Summary /Conclusions 

This design example discussed the basic hardware 
and software required to handle a simple device 
interface. The 8255A will easily accommodate a 
more complex interface design which utilizes addi- 
tional interface lines supported by the peripheral. 



D? j De I D5 I D4 I D3 I D2 I Dl I Dp I 







r \ Set Bit = 1, Reset Bit = 






Bit Select 110 Binary = 6 DeciWial. (printer) 
101 Binarv = 5 Decimal EPuwh) 
100 Binary ,= 4 DscitTial (Rsader) 




Not Used - S«t to 00 



Bit Set/Reset Opcoda = 



The control word for set Printer DATA STROBE (PC 6) = 00001 101 binary.!. 
Tile control word for reset Printer DATA STROBE {PC 6) = 00001100 binnry^ 
The control woitl for set Punch DATA STROBE (PC 51 = 0000101 1 binary. 
The control word for raset Punch DATA STROBE (PC 5) = 00001010 binary. 
The OQhtral word for Set Reader DATA STROBE (PC 4} = 00001001 binary. 
The control word for rasst Rsader DATA STROBE (PC 4) <= QO00t000 binary. 



Figure 17. Bit Set/Reset Control VlerOi 



For instance, one of the spare Port C output lines 
may be used to control the fWMeih direction. Sup- 
port of this additional feature would require minor 
modification of the device driver so that the punch 
direction line could be specified by the user 
routine. 

Through consideration of this example, the use of 
the 8255A in Mode should become evident. 




301^1 79 
3015 D3Fir 
3017 3E0C 
3019 D3F7 
301B 30 
30.1c 
30 IB C9 



CHABACTER PRIHTEB DRIVES 



A REGISTER MODIFIED 



IN PORTC ; GET STATUS OF PRINTER 

ANI LPBSY i SEE IF BUSY 

JNZ LPST ; IF BUSY - JUMP TO LPST {'lAU tOQP) 

PRINTER IS IDLE - OUTPUT A CHABACTEH 

HOV A,C ; GET DATA BITS SUPPLIED BT CALLER 

OUT PORTA ; OUTPUT DATA TO DATA LINES ■ 

MVI A.LPSOF ; GET DATA STROBE CONTROL WORD 

OUX CWB i BESET DATA STHOMl (LOH TROE .SIfiNAL) 

m A ; GSIERATE SET DAtft STROBE CCWTBOtl, mSi 

OUT CWB i SET DATA STROBE 

RET ; BETUBN TO CALIJ;R 



T 



( — \ 

I RETURN J 



f$I|di#R DRIVER 





ISIS 8080 niCM taSBBSXB, fl.O 

MOB mo tmeie - p&kb tape rmca mxvei 



PiFEB TAPE PURCH DHIVEB 



30ir DBP6 
3021 BC02 
i»23 C21P30 



3026 79 

3029 3S0B 
302B D3FT 
302D 3S 
302B D3P7 

3030 69 



III 


PCffiTC 


tMl 


P>BSI 


JUZ 


PiST 


PUKl 


X3 lots 




t.C 


OUT 




KVI 




om 


cnn 


I^R 


i 


GOT 


GHB 



; GET STATUS OF PUHCR 
: SEE IF BUST 

1 IF BOSI - JUMP TO PHST (WAIT LOOP) 

■ ooim A cBAfucrsir 

; m DATA Sns ZmfUBD Bt CAIX8R 
: QOTPDT MTA TO DATA LIDBS 
[ { SET MTA 3TIIC»E CtaiTBOL WWD 
{ 9BT DATA STROU 

t (OMnAtB R83ST DATA STRCSE COHTSOL HORD 
t RESBT ^^k^ STKOB 
I itBTiniH TO CALLER 



SET 

STROBE 



^ RETURN ^ 



PUNCH DRIVER 



GD 



GET STATUS 



YES >^ \. 
' — ^ BUSY? > 

[no 



303S 0^ 

30118 Dsrr 

30114 C9 



PJt^ TAPE mon. ffifXVEl 



A AM) C RBGISTBR KIDIPIBD 



flDBSY 
HDLP 

It aol BUSY 

pojup 



GRT STATUS OF DEVICE 

SEE IP Busy 

IF BUSY - LOOP UNTIL IDLE 
' GET CHAR AND CLEAfi STRCBE 



i 0£T CHARACTER 
I SAVE CHARACTER 

A,iKeo8 ]. i»rr stsok sex oohthol uqrd clou true signal) 

CHS I lORH OFF STItOBt 
i SETUffl TO CALLER 



am op tmt zero bxahr^ 



READER DRIVER 
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MODE 1 DTORRUPT DRIVI^ f 
INTERFACE 

Tlie stahjs driven interface described in the previ- 
ous example required the software driver to poll 
the device status for completion. An alternate 

approach is to construct the dev.ce interface such 
that an interrupt is used to signal tlie completion 
of the operation. When an interrupt driven inter- 
face is utilized, the time that was dedicated to 
polling can be used to perform other functions and 
the effective processor through-put is increased. 
This example demonstrates how an 8255A config- 
ured in Mode i ^aaty be used to develop an inter- 
rupt dwrmi kttot^m'fdt the CSentronics 306 char- 
acter ptoter. 



strobe signal when interfacing to 
peripherals which do not require a 
pulsed input. Tlie Centronics 306 
requires a pulsed DATA STROBE 
signal. This signal is supported by 
Port C bit 0. 

ACK - ACKnowledge 

This line is used to signal the 8255A 
that the device has accepted the 
data. This line is supported by the 
printer ACKNLG signal. 



CPU Module To 825 5 A Interface 

The 8080 bus interface implemented for this ex- 
ample is the sazae as the Mode example with the 
addition of interrupt support. Interrupt support 
is implemented through the use of a special feature 
of the 8228 System Controller. If only one inter- 
rupt vector is required (such as in small systems), 
the 8228 can automatically assert an RST 7 in- 
struction onto the data bus at the proper time. 
This option is selected by connecting the INTA 
output of the 8228 to the +12-volt supply through 
a 1 K ohm reastor. 

The Mode 1 iiilDerrupt support logic of the 8255A 
provides an inierrupt request line for each port. 
The 8255A interrupt request line (INTRa) must be 
connected to the INT Une of the 8080. A lOK ohm 

pullup resistor is used to insure lbs Vm re- 
quirements of the 8080 are met. 

8255A To Peripheral Interface 

Tbe Msirupt iriven coniSgusation control signal 
ltitetfa(» tp_ thsj prtftter is different than the status 
diiven intaffiCe; Instead of a BUSY/DATA 
STROBE interface, a DATA STROBE/ACK inter- 
face is supported. The ACK signal notifies the 
8255 A that a character transferred to the printer 
by a DATA STROBE has been acjepted. After an 
ACK is issued the printer is considered idle. The 
block diagram shown in Figure 18 displays the 



The Mode 1 interrupt driven peripheral support 
signals used are: 



INTRA 

82S5A 

PCc-ACKa 
PC7-0BFa 

PB,_o 



OUTPUT DATA 



CHARACTER 
PRINTER 



DATA STROBE 



NOTES: 

1. OATABUSBUFCEREDWITHTW. 

2. ALL82SUaumiT|»l^*REniU.ei>UI>T04SVATTHE PERIPHERAL. 



EPIH^ 



PA7-M0 



Output Data 

Used to support tte pifater data 

port. 

butput Buffer Fidl 
This line goes low when data is 
placed in the output buffer. The 
DBF signal may be used as a data 



I 



Figure 18. Interface Block Diagram 



Mode 1 Software Driver 

The software driver implemented for this example 
utilizes the typical interrupt driven software struc- 
ture outlined pre\riously. The initia&zation routine 
issues the mode control word (shown in Figure 19) 
to the 8255A after reset of the device. The initial- 
ization routine also places a jump to the interrupt 
service routine in the interrupt location for RST 7. 
The command processor is started by the user 
routine through a subroutine call i;o PSTRT, with 
the address of the control block in the D and E 
registers (the control block format is shown in 
Table IV). The command processor insures that an 
I/O operation is not aheady in progress, starts the 
I/O, enables Interrupts, and returns to the caller so 
that other processing may proceed. 

After a character is placed in the output buffer, the 
DATA STROBE signal is generated through the use 
of the Port C bit set/reset feature. When the ACK 
is generated by the printer, the buffer full indica- 
tion is cle^d and the 825SA generates an inter- 
rupt. If interrupts are enabled, the interrupt request 
is serviced by the 8080 CPU through disabling 
processor interrupts and then e>cecuting the in- 
struction at location 38 hexadecimal in program 
memory. The interrupt service routine saves the 
processor state and polls the 825 5 A to determine 
the source of the interrupt. Once the interrupting 
device is located, the control block is used to 
locate the next data character for transfer to the 
8255A output buffer. After the entire buffer has 
been printed, the interrupt service routine passes 
control to the user-suppUed completion routine. 
Before returning from the interrupt, the state of 
the processor is restored. 



Hardwara Requii«msntt: 

PwiA-ln|wtModa1 
PortC (Loww) - Output 



Port C Set to Output Moda 



Port B Not U*Bd SM U Input Mode 



Port B Mode Not Uted S«t to 



Port C i/O Set to li 



Port A l/OSetWOu^t 



Opcode -Mode Set 



MadeConttiil Wwd - 10101010 Knary = AA HEX. 



Figure 19. Mode Control Word 



Table IV. Printer Software Control Block 



NAME 


POSITION 


DEFINITION 


Status 


Byte 


A 1-byfe field which defines the completion status of an I/O. 

00 = Good completion 

01 = Error — command already in progress 


Buffer Address 


Byte 1, 2 


Pointer to the start of the data to print. 


Character Count 


Byte 3 


Count of the number of characters to print. 


Character 
Transferred Count 


Byte 4 


The number of characters transferred. 


Completion 
Address 


Byte 5, 6 


Address of a user supplied routine which will be called after the I/O has 
been performed. 



NOTES: 

1. An opcode field is not required because WRITE is the only operation performed. 

2. The control block must reside above location FF Hex. 
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interrupt when polling establishes that no device 
requires service. Neither of these errors should 
occur, but if they do, the driver should perform in 
a consistent fashion. The recovery routines imple- 
mented to handle error conditions are determined 
by the particular applications enviiS!MBSOt. 



PROGRAM ECUATES 



PORK 
FCRTC 



eF4H ; B255 FCRT A 

BFSB t S255 KBT B 

iP6a ; sas ei3RP c 

0F7H 
039^ 



Summary/Conclusions 

When utilized in a small system design, tlie 8255A 
interrupt support logic provides a 1 of the capabili- 
ties required to implement an interrupt driven 
hardware interface without the use of external 
logic. In larger system designs, the designer may 
diose to use additional hardware to determine the 
source of intetruft requests without software 
polling. The'sofftwafe design required by an inter- 
rupt driven system is inherently more complex 
than the status driven interface. If an interrupt 
driven system is required the added complexity is 
a small price to pay for a significant increase in 
system thfough-^put. 



INITIAUZATICN OOmSDL KKD 

USED 10 CaseiQUBE THE 8255 AS EOLUMS: 

Kge a - QiniFOriGQB i 
vcstr c [fflER — ouswr 



SET/HESET CdtDCL HCHtS 



iNiTiAusKnat) coHnoL nord 



8255 ENABLE /DISABLE IfTTERFajPT CCKTBOL WDTOS 



DEVICE STATUS EQUATES 



a^fTPOL BLOCK 



CBUF ECC 

CBCC EQO 

CBCT EQU 

CBCMP ECO 



) STKIUS BYSE 



OIAIUCXER ooun' 
OURACIER ISHlSStQ) COUHT 

COMPLETION SBBVICE ADDRESS 



COHPLETrCN STA-mS ECOATES 



30Bfl 3EM 
D3F7 
3HM 3E0I 
MM D3F7 



3888 3Ea 
3M 323SB8 
3810 213838 

3818 223988 
3813 & 



GETT tnOE COimiOL NCR} 

oaimt lo c 

(Sr SET O KA S 

SET DATA STBO^ {WU tVOE SKWL) 



SET UP RESTART 7 LOCKTICW WITH JUMP TO PINT 
HVI A,0C3H ; (XT "JIV 

mg] tmmmxsss 




SET 

COMMAND 
IN PROGRESS 



CaHHANQ PROCESSOR 

INPUTS: COKTKU. block JUIUtESS IH D AHO E REGISTERS 
OUTPUTS: STUT I/O OR EIWOR STATUS IH COHTROL BLOCK 

A,H,L nsismss nodifibd 



CLEAR 
CT 



<CAl.L \ 
OUTPUT > 
DATA / 



30tS CZ2B30 
30ta EB 
3D1C 22ft130 
30ir SB 
30^ aiMCHt 
3023 19 
302U 3600 
3026 G)»B30 
3029 TB 

302a n 



LDA Ttem*i i BKC PKMT m PUMBSEB BLOCK ACDRESS 
ANA ft i Sffi IF ZGIIO ( PRINT IN PROOHESS) 

IF BLOCK ADDRESS flOT EQUAL TO ^RO THEM 
; PKin Ct PROGRESS 
JMZ FSSE i ^ IBS - MAMCH TO ERROR 

saut pme ; san coimw, block address 

XCSG 

lAi w.tmci ; <m index to cz 

CALL F&ITA ; I/O 

EI i BBABLE PROCESSOR IRTERROPIS 

RET ; RBTURR TO CALLER 

ERROR - TRAKSACnCHi ALREADI IB PROGRESS 



ENABLE 
PROCESSOR 
INTERRUPTS 





3030 F5 

3031 C5 

3032 DS 



3D» MM 

31^ Efioe 

3038 CA5230 
303B 3&DC 

303D D3F7 
303? FB 
3040 3AA130 
3013 AF 
3044 BC 
^5 CA5530 
3048 EB 
3X9 a>SS30 



SOnC El 
304D D1 

3we ci 



PUSH 
PUSH 
PUSH 
PUSH 



IBTRA 
PPOLL 
A.im 



; SAVE PSW 

; SAVE REOISTEH PAIR B AND C 

; SAVE REGISTER PAIR D AND E 

; SAVE RECISTEH PAIR H AND I 



■ GET STATUS OF DEVICE 



SEE IF IM 

ICES IF AM 
E A TR L WORD 

: oi:;AHLt-: device interrupts 

: ENABLE PROCESSOR INTERRUPTS 
: GET CONTROL BLOCK ADDRESS 
: CLEAR A REG 

; SEE IF PHIHT IN PBOCRESS 

: NO - BRANCH TO ERROR ROUTINE 



CALL pia:;. : Vr-.:;- data 

RESTORE REGISTERS AND RETURN FROM INTERRUPT 



RESTORE REGISTER PAIR H AND L 
RESTORE REGISTER PAIR D AKD B 
BESTtME BESISTSH PAIR B ARD C 



POLL OTHER DEVICES IF *»I 

IF HO OTHER DEVItES TO POLL • 
RECOVERX ROUTINE. 



USER SUPPLIED ERROR 



ENABLE 

PROCESSOR 

INTERRUPTS 



^ RETURN^ 
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DISABLE 

PROCESSOR 

tNTERRUPTS 

INTERRUPTS 










OUTPUT 
CHARACTER 
GENERATE 
STROBE 




i jumm DATA soinm 
I 

OOffML BUKi iUHMESS XH D MD E RBG 



3058 DBF6 
305* E6S0 
305C CAe430 
305F 210*00 

3062 19 

3063 TE 
3061 3" 
3065 2B 
3066 

3067 aai3o 

30Bk 2101(» 
306D 19 

306s ES 

306F 5E 

3070 23 

3071 56 

3072 2600 
307« 6F 

3075 '9 

3076 7E 
3Q77 D3F4 
3079 3E00 
307 B D3F7 
307D 3C 
30TE D3FT 
3OB0 SI 

3081 casaso 



30t9 C9 



308F *F 
3090 32*230 
3093 C9 



POflTC 
LFBSI 

roio 



GST STATUS OF SEVICB 

IF SUSf tsnFFERTau.}. 

IF BUSt - BUMCfl 
GET IHKX TO' CT 

cowDTE ismtsss or cr ' 

SET (?r f ■( , 

IMC' CT 
DEC SO CC 
SEi! IP EIKIJIL 

IF BtnU. - DCMe GO TELL USER 

(ST DiDEx TO Burren itimrESS 

COHPOTE IDDRESS OF BUfTEB ADDRESS 
SAVE D AND E RECISTEHS 

GET LSS Q¥ BUFFER ADDRESS 
INC TO NEXT BYTE 
GET BUFFEP HSB 

CLEAfI H ni-Z 

COHPUTE CHAHACTtS ADDRESS 
GET CHARACTEFI 

OUTPUT CHARACTER TO FHINTER 

RESET DATA STROBE (LOW TRUE SISHAL) 

GENERATE SET COKTIO. W»S 
SET DATA STlrOBE 
RESTCffiE OHITROL BLOOC ADDRESS 
LOOP DHTIL Btai 



DISABLE milEBRUPSS, 
ENABLE OEVICI INTBBf|UPTS 
SEt IHTEBRQPT EMBLB. 
RETURN TO CALLER 



POST GOOD COMPLETION TO I 



3094 &8 

3095 77 

3096 EB 

3097 210500 
3a»A >9 
309B HE 
309C 23 
3WD *fi 



GET GOOD STATUE CODE 
POST TO USES 
CLEAR A HEC 

CLEAR COtOUND IN PROGRESS 
REIDRH TO CALLER 



POST TO 08BR COIPLETIOH ROUTIHE 

IHPOTS : STATUS CODE IN A REG 

OlirTRDL BLOCK ADDRESS Ut D AND E REG 

OOTPlI^-¥«SSES <mtliaL TO OSGR OMPLETIffll ADDRESS 
SPECIFIED ID COHTROL BLOCK 
UITH COHTROL BLOCK ADDRE^ IN AND E 

■ < 



KOV H,A : UPDATE STATUS 
ICHD 

LXI H.CBCNP i GET IHDEX 1 

Bftp- D ; CCWUTE ADI«ES5 

HOV C,H ; GET LSB OP CMPLETIOII t 

im H ; INC TO NEXT BITE 

HOV a,M ; QET HSB OF COHFLSTIfflj ktmSSS 

B ; PUSH ADDRESS UiTO STACK 

-" KB ' J P*sa COtTJBt. TO USES BOUTIHE 

''jtm UD TABLES 



. _. _„__S CCOITBOL U^E ADDRESS 
^'tS SAjTA i 0;. )fp -CONTROL BLOCK Iff PBOGKESS 
tt 'BITA. llOf>i3l3AL TO ZERO CffllTROL BLOCK IN 



io ar NOW one euhple 



MODE 2 - 8080 TO 8080 INTERFACE 

Due to the drastic reduction of hardware costs, 
system designs which utilize multiiile CPU Modu- 
les are becoming more common. An 8080 may be 
configured as a master CPU and used to control 
multiple 8080 slave modules which act as intelli- 
gent I/O controllers. When multiple CPUs are 
utilized, a method of processor intercommunica- 
tion must be supported. Figure 20 is a block dia- 
gram of one method of implementirig a master/ 
slave interface through the use of the 825 5 A Mode 
2 bidirectional bus. 

Hardware Discussion 

Two complete 8080 systems are required for this 
example. Intel's SBC 80/10 OEM board is used as 
the master CPU module and Intel's SDK 80 board is 
used as the slave CPU. The SBC 80/10 supports an 
8255A which is configured in Mode 2. The 8255A 
is selected through the use of a decoded select 
scheme. Through the use of the 8228 RST 7 inter- 
rupt feature, a simple interrupt structure is sup- 
ported. The SDK 80 is configured without inter- 
rupts for this example. The external logic required 
for this example is associated with the slave CPU. 
Simple logic is imple ment ed w hich allows the slave 
CPU to generate the ACK and STB signals required 
to READ from and WRITE to the 8255A bidirec- 
tional bus with a single I/O instruction. 



The system shown in Figure 20 utilizes SSI logic to 
read the 8255 A IBF and OBF signals. If two spare 
8255A input lines are available they could be used 
to input the IBF and OBF signals and eUminate the 
SSI logic. 

Software Discussion 

Two sets of software are required to support the 
processor to processor interface. The master resi- 
dent software which follows conforms to the 
simple interrupt driven software structure outlined 
previously. The initialization routine issuc>> the 
Mode 2 control word to the 8255A after device 
reset. The command processor accepts READ/ 
WRITE control blocks which provide a simple user 
interface for transferring data to/from the slave 
CPU. The master software is capable of processing 
both a read and a write control block simultane- 
ously. The slave resident software shown at the end 
of this example utihzes the status driven approach. 

Summary /Conclusions 

It is important to note that this design may be ex- 
panded to include more slave CPUs by simply 
adding another 8255A to the master module for 
each slave. The software drivers discussed address 
only the passing of data between the two proces- 
sors. Specific applications generally dictate a soft- 
ware protocol be implemented for information 
transfer. 




Figure 20. Interface Block Diagram 
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TITLE 'MODE TWO EXAMPLE - SLAVE SOFTWARE' 



aoeo wsTCB to eoeo slave iHismeE 

- SLAVE software - 
MODE TW example 



PROGBW SqDATBS 




PROGRiM ofiicn 

ORO 03000H 
SLAVE HEAD ROUTINE 











ft, C REG HODiriXO 








'l>j 
















SLflD: 














3000 DBTF 


IN 


PSTS 


QET STATUS 








3002 B60I 


AMI 


ON 


see IF BorFBi qiu. 








3004 CZOO30 


JVZ 


SLRD 


HO - LOOP tatm fdu. 








3007 OBBP 


n 


POATA 


(XI aUUtACTBR 










ipv 


C|* 


njKX n c-nm 








" 'SMi. ' ■ ■ ' 




iiitm to eiiAXft 




[■•'.ifMlt! 


, 


qsi? i -It . 


' ■ y. 


J. ■ . 




11 




''•I 




ti 








1 ■ « 1 






1 1 1 


r 1 






SLAVE WRITE 

ROUTINE I 



I3IS 8080 HACRO ASSEKU.EI), VI. 
HOBS TWO BXAMFLE - HASTBR SOmiJtJtE 



PUB I 



TZTu 'mm no Bftan-a ^ imsnm somika' 

I tm ias^ m sotio suvb intmtm 

] ' tttSnft SOFTHAlli - 

i MUS litO ECtUIFLE 



PROGHAK EQUATES 



OOEU 


PORTA 


EOU 


OEUH 


: 8255 POST A 




POBTB 


EQU 


0E6H 


; 6255 PORT B 


00E6 


POBTC 


EQU 


0E6H 


; SZ55 POHT C 


OQET 


CMS 


EQU 


OETH 


: azSS COHTROL 


003a 


ms3 


BW 


03Sa 


; RBSUIT 7 U» 



OOOD 
0009 
OOOC 
OOOB 



tWIZULIZATION CONTROL WORD 

USES TO CatflSBKE TDE 82S5 AS FOLLOHS: 

eeta- * - m^ t kdhrkticuul bus 

f&ia 8 ^ iltFI^ iMOOE CHOT USED] 

RQuiHne Kir e - mm mm chot used) 
BOD i-cci^]is ; asta^^wiS Bonm. votm 

8S55 ENABLE/ DISABLE INTEHRUPT'C 



lENI 
lEHO 
IDMt 



BQU 000011016 
EQU 00001 00 IB 
BQU 00001 tOOB 



ENABLE INPUT INTERRUPTS 
ENABLE OUTPUT INTERRUPTS 
DIStBLE inm IHTEBRUPTS 



CONTROL BLOCK EQUATES 



0002 
0004 

ooos 



CBCC 
CBCT 
CBCHP 



3TE1 
STE2 



EQu o'Ts 'opeiujs 

CtWPLETIOH SnTSS dXUOBS 



; GOOD COHPLETZOH 

; ffitSOR - COtQUHD ALREADY IN PROGRESS 
i ERROR - INVALID OPCODE 



SET LP IHTEHHOPT VECTOR 



; JUMP TO IlrlEllRtJPT SERVICE ROUTINE 



oseooH 



IHITIALIZATIOH ROOUHE 
A REGISTER HODIFIED 



; OBT HODB COHTBDL WORD 

; omrpui TO coimcb warn msaan 

: BnOM TO OULLEB 



OmUND PROCESSOR 

INPUTS: CONTROL f 



j AND E HECISTEHS 




(OUTPUT \ 
DATA / 





^ POST ^ 



) 



3009 3600 
300S 210100 

yxs 19 

3010 FEOO 
3012 CilZO^O 
3015 FECI 
3017 C*3530 



psm 

OPHT 

PSHT 



cer INDEX TO ct 
CLEAR CT 

GET INDEX TO OPCOm 
COHPtlTB AlffiSBSS 
OBT OPCODE 
5EB JF READ 
IBS ^ GO P 



B HRItE 



ERROB - INVALID OPCODE 



- TuisACTioi luam at f 



3024 3AEA3D 

3027 A7 

3028 C21F30 
302B ES 
303C 22E930 

3030 CD7C30 
3033 n 
303« C9 



PROCESS READ COWUIID 

LDA PRGRIU1 ; QET READ IH PROORESS ADDRESS 

AHA A ; SEE IF READ IH PR08RESS (TEST PCS ZBK)) 

JHZ PSTE -. IP les - BEUHCB 

ICHG 

SHLD PRCRD : SAVE CONTROL BLDCf .UDiOBS 

CALL PIH ; STAKT I/O 

LTO eiu» ' 



ISIS 80S0 HACRO ASSEHSLEB, V1.C 



ENABLE 

PROCESSOR 

INTERRUPTS 



^ RETURN^ 



PROCESS WRITE 



3035 i»EC30 




PHCHT*! 


; GET UBITE IH PROGRESS 010101$ 


3038 AT 


ANA 


A 


; SEE IF URITE IN PROG]lESil''(I^ 


3039 C21F30 


JNZ 


PSTE 


; IF IE3 - BRANCH 


3030 EB 


XCHG 






303D 22EB3a 


SHLD 


PRGUT 


; SAVE CONTROL VLBIX tBOOBSS 


30«0 E8 


XCHG 






30«1 CD9C30 


CALL 


POUT 


; START I/O 


3044 


EI 




; ^ASI.^ IHTSRR!ll|tl!t$ 


3045^ eg 


RET 




i RBTOiw to GkUM 
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Y 




DISABLE 
a255A 

INTERRUPTS 



ENABLE 

PROCESSOR 

INTERRUPTS 



POLL OTHER 

DEVrCESa 

PROCESS 




3016 FS 

3047 CS 

3048 05 



30UA DBE6 
301C E60B 
30«E CA7630 
3051 3EDC 
3053 D3E7 
3055 3B08 
3057 D3Er 
3059 PB 
305* 2AB930 
3050 «r 
30^ K 
30SF ak6530 
3062 CDTCJQ 

3065 ZAEB30 

3068 AF 

3069 SC 
306a U7030 
306I> C09C30 



3070 El 

3071 Dl 

3072 CI 

3073 F1 

3074 ?B 

3075 C9 



PUSH 
PUSH 
PUSH 



; SAVE HEiDISTEH FAIR B AHD C 
; SAVE HEi'llSTEFl PAIH 8 AND E 
; SAVE RECI3TEP PAIR H AND L 



POLL INTERRUPT SOURCE - SEE IF 8255 

IN POHTC ; GET STATUS OF DEVICE 

AHI IHTRA i SEE IF IHT 

JZ PPOLL ; HO - BRAKCH TO POLL OTHER EffiVICES IP AHI 

HVI A.mtl ; GET IHPUT IHT DISABLE CONTROL WORD 
DISABLE DEVICE IHTERRUPTS 
GET OUTPUT IHT DISABLE CONTROL WRD 
DISABE DEVICE IHTERRUPTS 
ENABLE PROCESSOR IHTCMtDPTS 
GET READ COHTROL BLOCK 
CLEAR A REG 

SEE IF READ IK PROGRESS 
HO - MARQI 
DO IHPUT 

; GET WRITE CONTROL BLOCI 
; CLEAR A REG 

; SEE IF URITE IN PROGRESS 
- BRANOl 
CALL POUT i DO OUTPUT 

RESTORE REGISTERS AND RETURN PRDK INTERRUPT 



; RESTORE RECI;!TES FSZF ;■[ AND L 
: RESTORE HEGIETEiJ I'illF. [, AH[; E 
; BCSTORE REGISTER PAIR B AHD C 
i RESTORE FSU 

; BUBLE PROCESSOR IHTERRUPTS 
i RETURN TO ntTERBUPTED ttOCESS 



POLL OTHER DEVICES IF ANY 

IP NO OTHER DEVICES TO POLL - USER SUPPLIED ERROR 
BECOVERX ROUTINE. 



JMP PRTH 



ENABLE 

PROCESSOR 

INTERRUPTS 




DISABLE 
PROCESSOR 
INTERRUPTS 




INPUT DATA ROUnNE 



3e7C D8B6 


III 


POBTC 


GET STATUS OF DEVICE 


3078 ES20 


AHI 


IBFA 


SEE IF INPUT eOFTKR FULL 


30B0 CJ19630 


JZ 


PHn 


HO - BRANOI 


]M3 CDBC30 


CALL 


CBF* 


GET ADDRESS IN BUFreR 


}0S6 DASFSO 


JC 


PI DOM 


IF DONE - BRANCH 


JOB? SBEH 


IN 


PORTA 


GET DATA 


306B 77 


MOV 


M.A 


PUCE IN BDPPER 


30BC C37C30 


JMP 


PIN 


LOOP 




i END OF 


mm TRARSAcnM 




PIDOH: 






308F AF 


IRA 


A 


CL£U A 


3090 32BA30 


STA 


PBGRD*! 




3093 C39630 


JMP 


PBTI 


RETURN 



ENABLE 
INPUT 

INTERRUPTS 



BETOm FROM IKFUT 



CLEAR 
READ IN 
PROGRESS 



309t F3 
3097 3E0D 
3099 D3E7 
309B C9 



; &ISUn£ PKICESSOH IRTEmiDPTS 

; GET EWLBLB nPOT IWISMtDITS COmiOL y 

; omm TO coffiitm. ma msism 
I EiBTuni TO smM, 



GD 




DISABLE 

PROCESSOR 

INTERRUPTS 



ENABLE 
OUTPUT 
INTERRUPTS 



GET 

CHARACTER 

FROM 

BUFFER 



CLEAR 
WRITE IN 
PROGRESS 



30A3 CDBC30 

30A6 DAAF30 
30ft9 7B 
3tUU D3E0 
3UC C39C30 



30*F AF 
30B0 32EC30 
30B3 C3BG30 



30B6 F3 
30BT 3B09 
3089 03K7 
yoaa C9 



r DATA BOUTIHE 



POHTC 
IBFA 
PHTO 
CBFA 
PODON 



A.H 



SET UP ADDflESS OF DATA 
IF DONE - BRANCH 
GET DATA raOH BOFFBa 

wma MTA 



END OF OUTPUT TRANSACTION 



RETURN FROK OUTPUT 



A, 1^0 



; DISABLE PROCESSOR INTERRUPTS 

; GET ENABLE OUTPUT XNTERHUPTS COHTROL WORD 

; OUTPUT TO CONTROL UORD REGISTER 

; RBTURH TO CALLSI 





NO 


SET GOOD 
COMPLETtON 


H&L 
ADDRESS 
IN BUFFER 




1 




< 


' CALL \ 
^ POST / 


CLEAR 
CARRY 










SET 
CARRV 






1 



3<»C 210500 
30BP 19 
3OG0 IB 

3w:i w 

30C2 SB 
30C3 BE 
30C»I CAD530 
30C7 210200 
30CA 19 
30CB 05 
30CC % 
30CD 23 
30CC 56 
30CP AC 
30DO 6F 

3001 19 

3002 Dl 
30D3 *P 
30D4 C9 



OBT lUBX TO CT 
COHPOTE ADDRESS OF CT 

est vt 

IHC CT 

DEC TO CC 
SEE IF EQUAL 

If EQUAL - DONE GO TELL USER 
GET IHDEX TQ BUFFEfi ADDRESS 
COMPUTE ADDRESS OF BUFFER 
SAVE B AND E REGISTERS 
GET LSB OF BUFFER ADDRESS 
INC TO NEXT BYTE 
GET BUFFES K5E) 
CLFAF- ■! 
GET :r 

COMPUTE .IriAilA-TrJii Aiii'nl-:.-.:' 

restore control block address 
clear cabri 
rethrh to cauer 



Setup Buffer Address Subroutine 



30D5 3ED0 

3m 37 
3tm C9 



30nc EB 
30DD 77 
30DE EB 
30DF 210600 
30B2 19 
3W3 » - 

30i6 C5 
30S7 C9 
30t8 09 



POST QOOD eOHnSTIGH TO bSEt 



POST TO DSER COMPLETION ROUTINE 

INPUTS : STATUS CODE IN A REG 

CONTROL BLOCK ADDRESS IN D AND E REG 
OUTPUTS: PASSES COttTBOL TO USER COHPLETTOH ADDRESS 

SPECIFIES IN CONTROL BLOCK 



UPDATE STATUS 

GET IHDEX TO COMPLETION AIHIRESS 
COMPUTE ADDRESS 
Cfrr LSB OF COKPLETION ADDRESS 
INC TO NEXT BYTE 

GET HSB BYTE OF COKPLmOU ADDRESS 
PUSH ADDRESS INTO STACK 
PASS CCniTBOL TO USER ROUTINE 
FETURH TO CALLER 



DATA AH) TABUS 

IF DATA HON ZERO CONTROL BLOCK IN PROGRESS 



END OF KASTCR SOHVARE DRIVER 
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APPENDIX A -8255A QUICK REFERENCE 



CONTROL WORD 



POFTC (LOWER - PCg-PCpl 
1 = NPUT 
= OUTPUT 



PORTB 
1 = INPUT 
= OUTPUT 



MOOE SELECTION 
= MODE 
1 = MODE 1 



POR r C {UPPER - PC7-PC4) 
t-lNP.UT . 



POUT A 
1 = INPUT 
- OUTPUT 



MODE SEL^ION 
00= MODE 
01 =MODE 1 
IX ■= MODE 2 



y/^ OPCODE 
>-l 1 = MODE SET I 



Mode control word 



PORT C BITS 





D5 




°A 


O3 


Da 


0, 





\ - / 



MODE 
INPUT/OUTPUT 



MOOE I 
INPUT 
PORT 



MOOE 1 
OUTPUT 
PORT 



OBFo INTRq 



MODE 1 STATUS WORD 



CONTROL WORD 



D7 ^6 D4 D3 



SET/RESET FLAG 



I "7 I Po P5 I P4 I Da I Oz"! O1 %] 



NOT USED. ^ TO 000 



BIT 
BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT? 



INTE. INTRa 



GROUP B 
STATUS 
INPUT 
PORT 



I intebI 



IBFq 



- BIT ^xmESET 



BIT SET/RESET CONTROL WORD 



MODE 2 STATUS WORD 



MODE 1 COMFIQURATIONS 



CONTR'"i 



PA7-PA0 

PCs 

PC, 
PCj 
PCo 



• OBFb 



J>ORT<»,-^ STROBED INPUT 
Pdflf B STROBED OUTPUT 



CONTROL WORD 
D7 °6 °6 °t O3 °2 D, Do 

|i|o|i|o|i/oi,|, rvi 



= INPl 



PA7-PA0 
w:3 



■ OBFa 

- ACKa 
INTRft 

- I/O 



< 



■ ibfb 



CONTROL WORD . ~' 

D7 Dg Dg 04 Efj Do 

I 1 I I 1 1 1 |l/0| 1 h 



'^i^SlniT 



PA7-PA0 

PC, 

PC5 
PC3 

PB7-PB0 

PC2 
PC, 



c 



CONTROL WORD 
D7 Dfi D4 D3 D2 Di Dp 



c 



■ IBFb 

■ INTRb 
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MODE 2 CONFIGURATIONS 



CONTROL WORD 
O7 Dfi Ds D4 D3 D2 Di Do 

i-nw»uT 



PC3 



PC5 



StBa 



■ I/O 



V 



CONTROL WORD 
O7 Dfi D5 D4 D3 D2 O1 Do 



1 = INPUT 
= OUTPUT 



PA7-PA0 



V 



IBFa 



■ I/O 



PORT A - MODE 2 

PORT B - MODE OmttSF 



CONTROL WORD 




CONTROL WORD 
D7 De Dg O4 O3 Dz Di Do 



iiMb 



"=3 

re, 

PCs 

PB7-PB0 

Ki 
PC, 



CO 



OBFa 
ACKa 

sSa 

IBFa 



V 



IFBb 
INTRq 



PORTA-M0dE2 

PORT 8 - MQsf 1 gnimr 
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MHtODUCnOiN 

The Intel® 8259 is a Programmable Interrupt Con- 
troller (PIC) designed for use in real-time, interrupt- 
driven microcomputer systems. The 8259 manages 
eight levels of ioteirupts and has built-in features 
aUdwiiig expafi^bility up to 64 levels \»^tK 
addition of other 8259s. A selection of program- 
mable priority modes is available to reconfigure 
how the 8259 processes interrupt requests. Individ- 
ual interrupt inputs may also be masked under 
SE»ftware oontfoli: These modes and xmy be 
dynamically changed by the software at any time 
during program execution. This means that the 
complete interrupt structure can be defined as 
required, based on the total system environment. 
The 8259 is part of the MCS-80/85 Microcom- 
puter Family SJid as such, it interfaces to the S080/ 
8085 system with a minimum of exfemal hatd- 
ware. 

This appMcation note explains the 8259 as a cmor 
ponent and shd^^ its use in two tyfdeal apfAca^ 
tions. These applications are an interrupt con- 
trolled power-fail/auto-start scheme for a micro- 
computer system with battery back-up RAM, and 
a >64 level interrupt-driven system. The battery 
back-up system will be described in detail and the 
canceptual software for the >64 level inteijiipt- 
driven system *illlbe presented. 

The first section of this application note introduces 
the concept of interrupts and reviews how inter- 
rupts are handM^by the Intel® SOS&jCy^bi^^^-^ 
essor. It is fairly tutorial in nature, and may be 
skipped by the more knowledgeable reader. The 
second section describes the 8259 from a func- 
tional standpoint with explanation of the block 
diagram. Each device pin is explained in detail. The 
third section defines the various operating modes 
along with the spiecific software required. Short 
initialization and setup routines are given to illus- 
trate the programming concepts. The fourth, and 
final, section describes the applications mentioned 
earlier. 

CONCEPTS 

In microcomputer systems, there is usually a nmd 
for the processor ' to communicate with various 

Input/Output devices such as keyboards, displays, 
sensors, and other peripherals. From the system 
viewpoint, the processor should spend as little time 
as possible servicing the peripherals since the time 
required for these I/O chores directly afftpcts the 



amount of time available for other tasks. In other 
words, the system should be designed so that I/O 
servicing has little or no effect on the total system 

throughput. There are two basic methods of han- 
dling the I/O chores in a system: Status Polling and 

The Statl£S 'Boll method of I/O servicing essentially 
involves having the processor "ask" each peripheral 
if it needs servicing by testing the peripheral's 
status line. If the peripheral requires service, the 
p^Cm^ htandM^ to the appropriate service rou- 
tine; if not, the processor continues with the main 
program. Clearly, there are several problems in 
implementing such an approach. First, how often a 
peripheral is polled is an important constraint. 
Some idea of the "frequency-of-service" required 
by each peripheral must be known and any soft- 
ware written for the system must accommodate 
this time dependence by "scheduling" when a 
device is polled. Second, there will obviously be 
times when a device is polled that is not ready 
for service, wasting the processor time that it took 
to do the poll. And other times, a ready device 
would have to wait until the processor "makes its 
rounds" before it could be serviced, slowing down 
the peripheral. 

Other problems arise when certain peripherals are 
more important than others. The only way to 
implement the "priority" of devices is to poll the 
high priority devices more frequently than lower 
priority ones. It may even be necessary to poll the 
high priority devices while in a low priority device 
service routine. It is easy to see that the Polled 
approach can be inefficient both time-wise and 
software-wise. Overall, the Polled method of I/O 
servicing can have a detrimental effect on system 
throughput, thus limiting the tasks that could be 
performed by the processor. 

A more desirable approach in most systems would 
allow the processor to be executing its main pro- 
gram and only stop to service the I/O when told 
to do so by the I/O itself. In effect, the device 
would asynchronously signal the proce^ot when it 
required service. The processor would finish its 
current instruction and then jump to the service 
routine for the device requesting service. Once the 
service routine is complete, the processor would 
Temim exaety where it left off in the main pro- 
gram. 

This method of I/O servicing is called Interrupt. 
The status Wae of the f erispheral vs replaced by an 
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"interrupt request" line. Asserting this line s^als 

the processor that service is needed. Using inter- 
rupts, no processor time is spent testing devices, 
scheduling is not needed, and priority schemes are 
readily implemented. It is easy to see that, using 
the Interrupt approach, system throughput would 
increase, allowing more tasks to be handled by the 
processor. 

There are two basic methods of implementing the 
Interrupt approach: polled interrupts. and vectpred 
Interrupts. Conceptually, in the polled inteixupt 
method, the peripherals' "interrupt request" lines 
are combinatorially OR'd into one line that inter- 
rupts the processor if any peripheral required 
service. The processor then polls each peripheral to 
determine the requesting device. In this scheme, 
the priority of the device is determined by its posi- 
tion in the polling sequence. Once the requesting 
device is found, the processor branches to the 
corresponding service routine. In contrast, vectored 
interrupts are those in which the requestirii ^vice 
supplies information which allows the processor to 
directly call the appropriate service routine. This 
method usually requires more hardware than the 
polled method. However, it allov/s much faster 
response to an interrupt since the polling time is 
eliminated. In simple vectored interrupt systems, 
all devices have the same priority. This is some- 
times a limitation since the speed of the vectored 
method may be needed, while the prioritization of 
the polled method is also required; a flexible inter- 
rupt structure would have both. 

In order to implement a truly flexible priority- 
vectored interrupt structure, a ftogrammable Inter- 
rupt Controller (PIC), such as the 8259, may be 
used. The 8259 functions as the overall manager of 
the interrupt-driven system and can implement 
both the poBed and vectored interrupt structures." 
In the vectored structure it accepts interrupt 
requests from the peripherals, deterrnines which 
of the incoming requests is the highest priority, 
ascertains whether the highest priority incoming 
request has higher priority than the interrupt level 
currently being serviced (if any) aiid then issues an 
interrupt to the processor based on the determina- 
tion. Since each peripheral usually has a unique 
service routine associated with it, the PIC, after 
interrupting the processor, provides a "vectored" 
CALL instruction to point the processor directly 
to the service routine required by the interrupting 
device. In the polled structure, the same request 
priority determination is made, however software 



polls the 8259 rather than the peripherals. When 
polled, the 8259 returns a data word indicating 
the highest priority peripheral requesting service. 
The software then uses this data word to branch 
to the appropriate service routine. 

A variety of priority modes is a desirable feature 
of a PIC. Many options are conceivable; however, 
let's describe a few which are available with the 
82S9 and 'Will be mentioned later. 

Fully Nested - Each input is assigned a priority. 
Interrupt Request input IR7 receives the lowest 
priority while IRO receives the highest. A higher 
priority request will interrupt a lower priority 
service routine, but not vice versa. The lower pri- 
ority service routine will be resumed upon com- 
pletion of the higher priority routine. This is 
essentiaflly a "general purpose" mode. 

Rotating Priority — like in the Fully Nested 
mode, each input is assigned a priority. How- 
ever, when an interrupt occurs and the appro- 
priate service routine is executed, the priorities 
are rotated so that the most recently serviced 
input has the lowest priority. Thus, if there are 
N inpiits, a serviced peripheral will have to wait, 
in the worst case, until the other N-1 peri- 
pherals are serviced before receiving service again. 
This mode prevents "hogging" of the processor 
by a single peripheral and gives each input an 
equal dlance at the processor. 

Specific Priority — This mode is similiar to the 
Rotating mode. The only difference is that the 
software can select the bottom priority input 
without an interrupt having to have occurred. 
Thus, the priority assignments may be changed 
at any time depending on the needs of the main 
program or the service routine. 

Ift.vithe 8259, these modes are programmable; 
that is, they may be changed dynamically under 
software control. Additionally, each mode may be 
modified by the use of interrupt masks. These 
masks allow individual inputs to be masked off; 
i.e., not be able to cause an interrupt regardless of 
its priority. Each mask is under software control. 

Before we discuss how the 8259 handles interrupts, 
let's digress slightly to review how the 8080 itself 
handles interrupt requests. 

8080 INTERRUPTS 

A peripheral device can initiate an interrupt to the 
8080 by simply pulling the 8080's Interrupt pin 
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ftae an interrupt request may be asserted at any 
time. The SOSO- oaa, however, enatble and disable 
interrupts urtdS^" software cortfltil by use of the 
Enable Interrupt (EI) and Disable Interrupt (DI) 
instructions. These instructions either set (EI) or 
reset (DI) an internal interrupt enable flip-flop. 
Tbe.OHJtput. of ^bis flip-flop is made available on 
the INTE (Interrupt Enabled) pin. Interrupts are 
disabled (INTE low) upon resetting the 8080, 

At the end of each instruction cycle, the 8030 
exartines the- state of the INT pte -attfl ^te^fH 
flip-flop. If interrupts are enabled and an interrupt 
request is being made (both pins high), the 8080 
enters an INTERRUPT machine cycle. During the 
INTERRUPT cycle, the 8080 resets the interrupt 
enable flip-flop (INTE goes low^<ftisiil»Mng respond 
to further in terrupt s) and issues an Interrupt 
Acknowledge (INT A), by way of the System Con- 
troller 8228, to tell the interrupting device that it 
has the 8080's attention and may remove the INT 
3^rtion. In addition, the Program Counter (PC) 
is not incremented as it normall>' would be in 
normal machine cycles. This ensures that the 8080 
can return to the pre-inteirupt program location if 
the PC is saved. At this point, the 8080 expects the 
interrupting device to place an instruction on the 
data bus. The 8080 is, in effect, saying "Okay, 
now you have my attention. You are granted one 
wish. What wiU it be?" Any instruction may be 
used, 'TJut 'teite kre "only two logical choices: a 
RESTART (RST) or a CALL, The reason one of 
these two should be used is that both put the 
program counter on the stack, allowing it to be 
restored after- the interrupt service routine is 

When a CALL instruction is placed on the data 
bus in response to the Interrupt Acknowledge 
(INTA), the 8080 saves the program counter by 
pushin g it on to the stack and then issues two addi- 
tional INTAS'By'Way of the 8228. In response, the 
interrupting device is expected to return two bytes 
which are the starting address of its service routine. 
The lower 8 bits of the address (LSB) are released at 
the first INTA and t he hig her 8-bits (MSB) are 
released at the second INTA. Execution then starts 
at this destination address, .U$ing ji, GALL instruc- 
tion in response to an interrupt is^an extremely 
powerful tool in I/O servicing. However, a signifi- 
cant amount of hardware is usually required in 
order to ensure that the correct sequence of data 
is piaced on the d^ta bus. For sy^tetqs not having 
a Mge ntuffibef of {peripherals, a ^eeial CALL in- 



The RESTART (RST) instructions are actually 
special one-byte calls which have the destination 
address embedded within the 8-bit opcode. Execu- 
ting an RST causes execution to be transferred 
(vectored) to one of eight fixed memory locations, 
see Figure 1. Any of these addresses may be used 
to store the first instructions of an interrupt ser- 
vice routine. In simple systems, the desired RST 
instruction can be generated by a siffliple 8-bit 
buffer external to the interrupting device. Since 
the RST instructions are calls, the old program 
county cii|t^^ Kre plM^d on the stack. 





HEX 
■'of CODE 


DESTINATION 
ADDRESS 


RSTO 


C7 


OOH 


RST1 


OF 


08H 


RST 2 


D7 


10 H 


RST 3 


DF 


18 H 


RST 4 


E7 


2d'H 


RST 5 


EF 


28 H 


RST 6 


F7 


30 H 


RST 7 


FF 


38H. 



Figure 1. RST Inttniction fioaim 



Return to the main program from an interrupt 
service routine is identical for both the CALL and 
the RST instructions. Assuming an equal number 
of pushes and pops from the stack durii^ the 
service routine, the pre-interrupt program counter 
is on top of the stack at the end of the routine. 
Executing a RETURN (RET) instruction pops the 
top of the stack into the program counter, causing 
the main program to take up where it left off 
before receiving the interrupt. It is the service 
routine's responsibUity to save and restore the pro- 
cessor registers and status as appropriate. Remem- 
ber that interrupts are disabled after an Interrupt 
Acknowledge so an EI instruction must be exe- 
cuted in the service routine in order for ^e 8080 
to respond to further interrupt requests. 

8259-8080 OVERVIEW 

Figure 2 shows the 8259—8080 system bus inter- 
face. It is recommended ttat an 8228 (or 8238) 
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System Q^iitTollfef arid Bus Driver Qs«Si He 'mu ■ 
junction with the 8080 when an 8259 is used 
to manage interrupts. This combiiiation ensures 
that the 3 required INTA pulses occur in response 
to an interrupt. Using the 821 2 I/O Port as an J080 
mm laiSte cfees hot ptfOMde the necmMtf WM 
sequence. 

The normal sequence of events that occur when an 
interrupt request is asserted is as follows: 

1. One (St rxiOK lAferrapt Request' lines 

IR7) is raised high signahng the 8259 that 
peripheral service is being requested. 

2. The 8259 accepts the requests, resolves the 
priorities, and sends an INT to the 8080. 

3. THf. 808.Q suspends the program flow at the 
ei»i @t caareat inst ructio n (INTE must be 
high), and issues an INTA by way of the 
8228. 



XbbRtss gu£ lie) 



4. Upon receiving the INTA, the 8259 places a 
CALL instruction onto the data bus. 

5. This CALL causes the 8080 to issue two addi- 
tioaai WtM by way of the 822S;. . , 



6. These additional INTAs allow the 8259 to 
release the address for the service routine of 
the interrupting peripheral onio the bus. 

7. This completes the 3-byte CALL. Exe^ut^on 
is veetcMed to the peripheral^ s4|fvice routine. 



\ C0^,r,OL 


BUS 












I/OB 





DATA Busts 



CA80 
CAS1 

CAS 2 



Aq D^-Og R5 flit INT INTA 



l^iii|B i, 8259 Interface to 8080 Standard System Bus 
8259 BLOCK DL\GRA1V1 

A block diagram of the 8259 is shown in Figure 3. 
As can be seen from the figure, the 8259 consists 
of eight major bloclcs: the Interrupt Request 
Register (IRR), the In-Service Register (ISR), the 
Interrupt Mask Register (IMR), the Priority Re- 
solver (PR), the Cascade Buffer/Comparator, the 
Data Bus Buffer, and logic blocks for Control and 
Read/Write. We'll go quickly over the individual 
blocks directly related to interrupt handling; the 
IRR, ISR, IMR, PR, and the Control logic. Then, 
by way of a conceptual diagram, we show how 
these various blocks mteract. The remaining func- 
tional Mods are then discussed. 
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Figure 3. Block Diagram and Pin Configuration 



Basically, interrupt requests are handled by three 
"cascaded" registers. The Interrupt Request Regis- 
ter (IRR) is used to store all the interrupt levels 

requesting service: the In-Servics; Register (ISR) 
stores all the levels which are being serviced; and 
the Interrupt Mask Register (IMR) stores the bits 
of the interrupt lines to be masked. The Priority 
Resolver (PR) looks at the IRR, ISR, and IMR and 
determines whether an INT should be issued by the 
Control logic to the 8080. 

Figure 4 shows conceptually how the Interrupt 
Request (IR) input is handled and how the various 
registers interact. The fi^urp represents one of eight 
"daisy-chained" piiodty cells; one for each IR 
input. The input citcuifry is rather novel so it is 
discussed first. T 



INPUT CIRCUIT ' 

There are two classical ways of sensing an active 
interrupt request: a level sensitive or an edge sensi- 
tive input. A level sensitive input requires the 
request input go to the active state and remain 
active until that ini^!F09t is acknowledged. This. 



structure is quite common and allows Wlffi-OR'ed- 
interrupt requests (the actual interrupting device 
must be determined via software as mentioned 
before). But (watch out!) the request must be 
removed shortly after acknovj^ledgement or an- 
other, unwanted, intemipt esold W g^erated. 

The edge sensitive input requires only an inactive 
to active transition of the request input. This tran- 
sition is saved in a flip-flop, so the active level need 
be maintained only long enough to serve as a clock 
pulse to the flip-flop. The level maaki active 
m arbitrarily long time without danger of gener- 
ating an unwanted interrupt. It must ultimately 
return inactive before another active transition can 
be sensed. This structure is handy for handling 
interrupts from transient events, however it pre- 
vents WIRE-OR'ing since this connection does not 
provide the transitions needed. Be careful of edge 
inputs: noise on the request lint cottKt g^erate an 
erroneous interrupt. 

The 8259 uses an edge lockout input which shares 
some characteristics with each of the above two 
techniques. The edge lockout input requires that a 
request transition from the ina@Q^e active 
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Figure 4. Priority Cell 
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state (as in edge sensitive) and then reaiai^iaietiifi^ 
(as in level sensitive) until the request is acknoW^ 
edged. The inactive-to-active transition locks out 
all further requests on that input until the request 
has been acknowledged and the input has returned 
to the inactive state. Thus, the user need not worry 
about quickly removing the request after acknowl- 
edgement, in fear of generating a second interrupt. 
Figure 5 illustrates the timing required for the edge 
lockout input. 



PRIORITY CELL 

Refer back to Figure 4 and follow an intermpt 
request thru the priority cell. First, notice that an 
iitactive M iiAftaf se^^ thi'edge sense latch, amiing 
that input. Then, an active IR input combinatori- 
ally propagates the request (assuming the input is 
not masked) to the Priority Resolver. The PR looks 
at the incoming requests and the currently in- 
service interrupts to ascertain whether an interrupt 
should be issued to the 8080. Assume for clarity 
that the request is the only one incoming and no 
requests are presently in service. The PR then 
causes the Control logic to pull the INT line to the 
8080 high, interrupting the processor. When the 
8080 .is finished with the instruction being exe- 
atted ,~it-idgnals the 822f to return aa MTA. TMs 
INTA causes the ,8259 to place a CALL tnstiuctioii 
on the ^aita Tom and t o freezjB the IRR (note the 
INTA-Freeze Request timing diagram). Thus, the 



jeqjuestiBg IR . inpu t mus t remain active at least 
until after the first INTA. With the input frozen 
and latched, the priority is again resolved by the 
PR, this time to determine the appropriate destina- 
tion address for the CALL. The CALL inst ructio n 
causes the 8080 to generate two additional INT As. 
During these INT As ,the destination address of the 
interrupt service routine is placed on the data bus 
by the 8259. (Don't worry for now about where 
the address comes from.) Immediately after the 
INTA sequence, the PR then sets the correspond- 
ing bit in the ISR and simultaneously clears the 
edge sense latch, which clears the IRR bit. Notice 
the state of the edge sense latch (don't forget that 
the IR input may still be active). With the edge 
sense latch cleared, the still active IR input can not 
propagate thru the gate at the IRR input, thus 
further requests from this level are inhibited. The 
IR input must return to the inactive state, setting 
the edge sense latch and "opening" the IRR gate, 
before another request on the input can be recog- 
nized. 

While off in the interrupt service routine, don't 

forget that the ISR bit is set. This prevents subse- 
quent requests from this, and lower priority levels, 
from causing interrupts. It is the service routine's 
responsibility to clear the ISR bit with an End-of- 
Interrupt (ECil) command at the end of the service 
IQiitine, tel%g the 0259' that it is complete. (How 
mK IS 'done is explained when 8259 programming 
is covered.) 
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Figure 5. Edge Locl<out Timing 



masKea; i.e., the Interrupt Mask Register bit was 
set? Nothing. The active state of the IR input 
would propagate thru the IRR but the set IMR bit 
would stop it before entering the PR. Thus, no 
interrupt could be generated. The IMR only acts 
on the output of the IRR, however, and if the pro- 
gram being executed somehow resets the IMR bit, 
the PR would then see our active request and an 
interrupt would be generated if appropriate. 

Now that the functional blocks directly related to 
interrupt request processing have been discussed, 
let us discuss the remaining blocks. 

DATA BUS BUFFER ■• 

This 3-state, bidirectional, 8-bit buffer is used to 
interface the 8259 to the 8080 system data bus. 
Control words, status information, and the destinar 
tion addresses are tM^trred through the Data Bus 
Buffer. ■■>■;- 

READ/WRITE CONTROL LOGIC 

The function of this block is to ;ontrol the pro- 
gramming of the 8259 by accepting OUTput com- 
mands from the 8080. The Initiahzation and Oper- 
ation Command Word Registers which store the 
various control formats are located in this block. 
Status reads are also controlled by this block using 
8080 INput commands! 

CASCADE BUFFER/COMPARATOR 

As alluded to earlier, multiple 8259s can be com- 
bined to expand the number of interrupt levels. A 
master-with-slaves relationship of cascaded 8259s is 
used for the expansion. The cascading of 8259s 
will be the subject of a complete section later in 
this note. 

PIN DEFINITIONS 



Name (pin) I/O 



Deflnition 



Vcc (28) 

GND (14) 
CS(1) 

WR(2) 



I +5 volt supply 

I Ground 

I Chip Select. A low on this pin 
enables communication be- 
tween the CPU and the PIC. 

I A low on this input when CS 
is low enables the PIC to ac- 
cept command words from the 
CPU. 



R^O) 



DB7-DB0 
(4-11) 



CAS0-CAS2 
(12,13,15) 



SP(16) 



INT (17) 



I A low on this input causes the 
PIC to output its status on the 
data bus when CS is low. 

I/O The DB pins form a 3-state, 
bidirectional data bus whidi 
is connected to the CPU group 
' (8080, 8224, 8228) data bus. 
Control and status informa- 
tion are transferred over this 
bus. 

I/O Cascade Lines. The CAS pins 
form a private 8259 bus to 
control multiple 8259s. These 
pins are outputs for a master 
, 8259 ,,an,d are inputs for a slave 
,8259.: rf 

I Slave Program. The state of 
this pin defines whether the 
8259 is a master (SP=1) or a 
slave (SP=0). SP controls the 
I/O direction of the CAS pins. 

O Interrupt. This pin goes high 
whenever a vaUd interrupt re- 
quest is asserted. INT is con- 
nected to the interrupt pin of 
the CPU. 



IRq— IR7 I Interrupt Request. Interrupt 

(18—25) requests are asserted by the 

peripherals. A request is made 
by pulUng one of the IR pins 
high. 

INTA (26) I Interrupt Acknowledge. This 

pin is connected to the CPU 
group interrupt acknowledge 
output. Three low pulses on 
this pin causes the 8259 to 
place a CALL instruction and 
a destination address on the 
DB p ins. (One byte for each 
INTA pulse.) 

Ao (27) I This pin acts in conjunction 

with the CS, WR, and RD pins 
when Command Words are 
written and status is read from 
the 8259. It is typically con- 
j 3 nected to the CPU Aq address 

line. 
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PROGRAMMING THE 8259 

As the name implies, the 8259 is programmable; 
operation is controlled via software thru command 
words. There are two types of command words 
used for the 8259: Initialization Command Words 
(ICWs) and Operation Comniand Words (OCWs). 

INITIALIZATION COMMAND WORDS (ICWs) 

Before normal operation begins (i.e., after a system 
power-up), each 8259 in the system must be initial- 
ized by two or three ICWs. The ICWs tell each 
8259: 

1. If there are other 8259s in the system, and 
how they are connected. 

2. The starting address of the service routing. 

3. Whether the service routines are spaced 4 or 8 
bytes apart. 



Issuing an ICWl starts the 



159 initialization 



sequence. Once started, the initialization sequence 
must be completed before the 8259 can process 
interrupt requests. This applies to each 8259 in a 
multiple 8259 system. During thg jj^itialization 
sequence, the following oeeur automatieaHy: ' 

1 . Each edge sense circuit is reset. Thus an IR 
input must make an inactive to active tran§i-' 
tion, after initialization, to generate an inter- 
rupt. 

2. The Interrupt Mask Register is reset (no IR 
inputs masked). 

3. IR7 is assigned priority level 7. 

4. The Status Read and Special Mask mode flip- 
flops (explained later) are reset. 

Each IR input has an address in menory associated 
with it. It is this address that is placed on the bus 
by the 8259 in response to the INTA pulses after 
the CALL is placed pn the datta bus. The addresses 
for all eight IR inputs are formatted in equally 
spaced intervals of either 4 or 8 bytes. If the ser- 
vice routine for a device is short, it may be possible 
to fit the entire routine within an 8-byte interval. 
Usually, however, the service routines require more 
than 8 bytes and the 4-byte interval is used to store 
a Jump (JMP) instruction which directs the 8080 to 
the appropriate routine. The 8-byte interval main- 
tains compatibihty with current 8080 RESTART 
instructions software, while the 4-byte interval is 
best for a compact Jump table. For each 8259, the 
starting address for this 32 or 64-byte page is pro- 
grammable during initialization and can be located 



anywhere in the memory map, starting on an even 
page- boundary. To form the 16 bits needed for 
each address, address bits A15— Ae are user sup- 
plied in the ICWs and bits A4— Aq are inserted by 
the 8259. As's generation depends upon whether 4 
or 8-byte intervals are programmed. For 4-byte 
intervals, you program A5 in ICWl. The 8259 sup- 
plies As for the 8-byte interval selection. Figure 6 
shows how the address is developed for each IR 
input. 



REQUEST 
INPUT 



4 BYTE INTERVAL- 

A15-A5 SUPPLIED IN 
ICWl AND ICW2 



8 BYTE INTERVAL- 
AI5-A6 SUPPLIED IN 
ICWl AND ICW2 



Figure 6. Address Development 



The formats for ICWl and 1CW2 are shown in Fig- 
ure 7. The 8259 interprets any command with 
Ao=0, Do=0, and 04= 1 as an ICWl. Note that 
address bit Aq is used as an additional control 

input for all command words. Bits F and S are the 
only yet undefijied bits. Bit F (Format) determines 
the CALL address interval. If F=l, then addresses 
are in 4-byte intervals; if F=0, then the interval is 
8 bytes. Bit S (Single) indicates if there is more 
than one 8259 in the system. If S=l, there is only 
a single 8259; S=0 means multiple 8259s. 1CW2 
simply supplies the MSB of the address used as the 
start of the service routine page and is sent with 
Ao=l. 

If the system jCO^jtains multiple 8259s (ICWl bit 
S=0), an additional ICW is needed: ICW3. This 
word controls the master-slave relationship to 

ensure the correct 8259 places the service routine 
address on the bus. Multiple 8259 systems in gen- 
eral, and ICWS in particular, are discussed in an- 
other section. 
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1 I ,. • ■• ^ Lit , ,, 





1 = SINGLE 

= NOT SINGLE 






CALL ADDRESS INTERVAL 
1 = INTERVAL IS 4 
0= INTERVAL IS 8 






Aj_5 OF LOWER 
ROUTINE ADDRESS 



1CW2 ii...J.'.-» i;; i<c- 

Aj, Dg Dg D3 D, Oq 



UflPEH ROUTJNE 
ADDRESS 



ICW3 (MASTER DEVICE) 
D5 D3 D, 



• 


h 


^6 






S3 






So 



ICW3 (SLAVE DEVICE) 
°i D, D3 D, 



DON'T 
CARE 



1 = IR INPUT HAS A SLAVE 
= IR INPUT DOES NOT HAV 
A SLAVE 



NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 



Figure 7. Initialization Command Word Format 



Figure 8 shows the flotrrequifed for initialization. 
ICWl is issued first, initiating thie sequence. ICW2 
must follow as tiie next command. With a single 
8259. no ICW3 is required and the 8259 is ready to 
process interrupt requests immediately following 
ICW2. In order to ensure the integrity of any 
initialization or command sequence, interrupts 
must be disabled (by executing a DI instruction) 
over the initialization section of code. (Don't for- 
get that interrupts are disabled automatically after 
the 8080 is reset.) Two typical initialization se- 
quences are shown in Example 1 . 




Figure 8. Initialization Flow 



2^02 



SOOnCB STATENBHT 



3 iVamOMMSM £)UMPi£S 



II lEjCAKPLE: 



III A SINGLE 8259 SySTEH, THE B259 IS IHITIALIIEO 
. JUMP TABLE STAKTING AT 39668 



TOII A 4-BYTE 1 



BBBS F3 
BBBl 3E7e 
BB83 E)3EA 
BBBS 3E3» 
8BM7 D3DB 
BBB9 FB 



HBBA F3 
BBBB 3ES] 
BBBD 030A 
BASF 3BeB 
ttll D3DB 
BBIS FB 



14 INTSBli DI 

15 KVI 



EI 



;DISABLE INTERRUPTS FOR COHHAIIDS 
A,76H ;F = 1,S-1, A6 I AS-1 
PT59A ;8259 PORT AB-B ICIil 
A.39E ;KSB CALL ADDRESS Bn% 
PT59B ;a259 PORT AB-1 1CH3 
] ENABLE INTERRUPTS 
INITIALISATION COMPLETE 



3« ;EXAHPL£: HE WANT TO IMITATE 1 



; DISABLE INTIRRUFTS fOil 
;F=B,S=1,A7-A5— 6 
IB2S9 PORT AB-B ICHl 
tHSB CALL ADOaeSS SifE 
)BSS9 POST Ae-1 ICH2 
EI f ENABLE INTERSUPTS 

IIHITIALISATIOII COMPLETE 



OUT 



OOT 



A,B2B 
FTS9A 
A,««B 
PT59B 



Example 1. Initialization Sequences 



Once initialized, the 8259 is controlled using Oper- 
ation Command Words. These words control the 
changing of priority modes, interrupt masks, and 
perform the End-of-Interrupt housekeeping. 

OPERATION COMMAND WORDS (OCWs) 

After initiahzation, the 8259 is ready to accept 
interrupt requests on the IR inputs. However, 
during operation, the 8259 can be commanded to 
operate in a variety of priority modes through the 
Operation Command Words (OCWs). The various 
modes and their associated OCWs are described 
below. 

Fully Nested Mode 

The 8259 handles requests in the Fully Nested 
mode without any OCW being written. In this 
mode, the IR inputs are assigned priorities such 
that IRO has the highest priority wiiile IR7 has the 
lowest. When an interrupt is acknowledged, the 
highest priority request is detennined and its 
address vector is placed on the data bus. In^sidi- 
tion, the corresponding bit in the ISR i$ set. TMl 
bit remains set until an End-of-Interrupt command 
is received by the 8259 from the service routine. 
While the ISR bit is set, all further requests of the 
same and lower priority are inhibited from gener- 
ating an mterrupt to the 8080. Higher priority 



If questSi can generate an interrupt. However, these 
interrupts are only acknowledged if the 8080 has 
enabled interrupts, by executing an EI instruction, 
since the preceding interrupt. Figure 9 illustrates 
this point. 



MAIN PROGRAM 



IR3 SERVICE 
ROUTINE 



IRI 
INTER- H 

Run- 



IR1 SERVICE 
ROUTINE 



Figure 9. Fully Nested Example 



During the main program, IRS makes a request. 
Since interrupts are enabled, the 8080 is vectored 
to the semce routine. During the IR3 routine, 
IRI asserts a request. Since IRI has higher priority 
than IR3, an interrupt is generated. Because the 
8080 disabled interrupts in response to the IRS in- 
terrupt, the IRl interrupt is not acknowledged 
until an EI instruction is executed. Thus the IR3 
routine has a "protected" section of code over 
which no interrupts are allowed. The IRI routine 
has no such "protected" section since an EI instruc- 
tion is the first one in its service routine. 

What is happenii^ to the ISR register? While in the 
main ptogcam, no ISR bits are set since no inter- 
rupts are in-service. Wi«n the IR3 interrupt is 

acknowledged, the ISR3 bit is set. When the IRl 
interrupt is acknowledged, both the ISRl and the 
ISR3 bits are set, indicating that neither routine is 
complete. At this time, only IRO could generate an 
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Mtetrupt since it is the only higher priority input 
from those presently iti-service. 

To terminate the IRl routine, the routine must 
inform the 8259 that it is complete by resetting its 
ISR bit. It does this by executing the EOI com- 
Biand- The fqrmat for this ccmunand is shown in 
Flguire 10. Ndte that the format is independent of 
the interrupt level and is thus called a Non-Specific 
EOI. The command simply resets the highest pri- 
ority ISR bit which is set. This is necessarily the 
correct bit since, in the Fully Nested mode, the 
highest ISR bit corresponds to the last level 
acknowledged; which must have been a higher 
priority than other in-service levels in order,^|j5» 
generate the ii^ermpt in the first place. 



OCW2 NON SPECIFIC EOI 

DATA BUS FIELD I 
D7 D6 D5 D4 D3 D2 D1 DO 



#^)UwW; |Noni«peGific EOI C aew MMtf PMtHit 



Getting back to the example, the EOI command 
for the IRl fdatifflg has been executted, resetting 
the ISRl bit. 

The RET instruction transfers execution back to 
the IRS routine. IRO— IR2 could now interrupt the 
IR3 routine again, since only the IR3 bit in the 
ISR iis Set. No further interrupts occur in the ex- 
ample, so the Non-Specific EOI command in the 
routine resets the 1SR3 bit this time and the RET 
instruction causes the main program to resume at 
the pre-interrupt location. One important thing to 
fsaxes^t: fbe 'Oon^pedlk EQI command should 
only be used when in the Fully Nested mode. 
Other EOI-type commands are used when in other 
modes. Let us discuss those other modes now. 



again. 0CW2 contains three commands which sup- 
port rotating priority: two involve End-of-lnter- 
rupt [Rotate-at-EOl (Auto) and Rotate-at-EOI 
(Specific)] and one (Set-Priority), is independent 
of EOI. 0CW2 contains one additional command 
which is not directly related to rotating priority 
but is sometimes used in conjunction with it: 
Specific EOI. 

Set-Priority Command 

The Set-Priority Command in 0CW2 allows the 
programmer to select the bottom priority device 
independently of an EOI; that is, without affecting 
the ISR. Figure 1 1 shows the format for the Set- 
Priority Command. L2, LI, and LO code (in BCD) 
the IR input to be assigned the lowest priority. The 
priority of the remafaing inputs are assigned ac- 
cordingly. Example 2 illustrates the use of the Set- 
Priority Command. 



0CW2 SET PRIORITY 
I DATA BUS FIELD I 

AO D7 D6 D5 D4 D3 D2 D1 DO 
I I 1 I T I 9 1 I I L2 I LI I L0| 



Figure 11. Set-Priority Command Format 



E^GAMPIlE; starting WITH ANY PRiORlTY STRUCTURE, ASSIGNJB2 PRIORITY LEVELA 



Rotating Priority Commahds ' ' ' 

The Rotating Priority Commands serve in applica- 
tions where the interrupting devices are of equal 
pnoiity such as communication channels. The 
concept underlying rotating priority is that once a 
peripheral is serviced, all other equal priority per- 
ipherals should be given a chance to be serviced 
before the original peripheral is serviced again. 
This can be accomplished by assigning a peripheral 
the lowest priority after being serviced. Thus, in 
ti^i-«i«n^ em&r ^ device? would have to wait untU 
# @ih@r)i«!«it^<te serviced befom being serviced 



Example 2. SMt-'Priofityfij^K^e 



Rotate-at-EOI (Auto) Command 

This cormnand represents the "^netsd purpose" 
implementation of Rotating Priority. "When the 
Rotate-at-EOI (Auto) command is executed, the 
highest priority ISR bit is reset and priorities are 
rotated so that the request input of the ISR bit just 
reset is assigned the lowest priority. The format for 
the Rotate-at-EOI (Auto) command is shown in 
Figure 12. Snce rotating priority impKes that all 
peripherals are of equal importance, the service 
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routines are usually sacrosanct; that is, the EI in- 
struction is placed at the end of the routine (after 
the EOT) to ensure that the routine will not be 
interrupted. Example 3 shows the effect of execut- 
ing a Rotate-at-EOI (Auto) command. 



BEFORE ROTATE-AT-EOI (SPECIFICllO 



ROTATE'AT-EOI {SPECIFIC) L2 = D. L1 = 1, LO-I 



1 1 HIGHEST 

I ° I 

LOWEST 



AFTES ROTATEAT-EOI (SPECIFIC! |0'0!0'0 0!o;i|0| 



OCW2 ROTATE.AT-EOI (AUTO) 

DATA BUS FIELD ] 
D7 D6 D5 D4 D3 D2 D1 DO | 

i]oli|o!olo|o|o| 



Figure 12. Rotate-at-EOI (Auto) Command Format 



Example 4. Rotate-at-EOI (Specific) 



If the rotation of priorities is not desired, the 
Specific-EOI command is used. 



BEFORE ROTATE-AT-EOI (AUTO) |0|0|011[0.| 0|B101 

' ' ' ' ' ' ' ' LOWEST 



PWIHUIY 


5 



AFTER ROTATE-AT-EOI (AUTO) | | ] | | | Q . | B | | 



HIGHEST 
LOWEST 



Examples. Rotate-at-EOI (Auto) 



Specific-EOI Command 

The Specific-EOI command is identical to the 
Rotate-at-EOI (Specific) command except that 
priorities are not rotated after the ISR bit is reset. 
The Specific-EOI command format is shown in 
Figure 14. 



When using the commands that rotate priorities, it 
is possible that the 8259 will not be able to deter- 
mine the last level acknowledged (especially if 
nesting is allowed). If Rotate-at-EOI (Auto) is the 
only command used to reset ISR bits, then there is 
no problem. When a number ol" different com- 
mands are used a problem could occur. To prevent 
the 8259 from becoming confused, two commands 
that reset specific ISR bits are provided: the 
Rotate-at-EOI (Specific) and the SptBcific EOI 
commands. 



DGW2 SPECIFIC EdI 
DATABUS FIELD 
A0 | .D7 06 05 D4 D3 D2 D1 DO 



I 1 I 1 I I ° I 1.2 I LI I LO 



ISR 8IT TO BE RESET 



Rotate-at-EOI (Spee^) Command 

This command ensures that the correct ISR bit is 
reset at the end of a service routine because the bit 

to be reset is specified in the command itself Addi- 
tionally, the priorities are rotated so that the spe- 
cified level is at the bottom. The format for the 
Rotate-at-EOI (Specific) command is shown in 
Figure 13. Example 4 illustrates this command. 



0CW2 ROTATE-AT-EOr (SPECIFIC) 
DATA BUS FIELD 
07 06 D5 D4 03 D2 D1 DO 
1 I 1 I T I 1 I L2 I L I 1 L O 



I I I 



ISFt BIT TO BE RESET AND IR 
LEVEL TO BE PUT AT LOWEST PRKHIITY 

t I 3 « B « T 



Figure 13. Rotate-at-EOI (Specific) Command Format 



Figure 14. Specific EOI Command Format 



In summarizing the various commands which reset 
ISR bits, some words of caution are appropriate. 
If only the Fully Nested mode is used, the Non- 
specific EOI can be used without problems. For 
any other mode, it is good practice to use the End- 
of-Interrupt commands which specify the ISR bit 
to be reset. No additional code is required and the 
reassurance of an unconfused 8259 during system 
debug is worth the effort. The OCW2 command 
words are summarized in Figure 15. 
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'rqpireeMMAND summary 



COMMAND 



NPN:^SCIFIC EOl 
ROTAIE-AT-EOI (AUTO) 

"^Am:A?.g0l (SPECIFIC) 









DATA BUS FIELD 






OPERATION 


AO 


D7 


06 


05 


04 


03 


02 


01 


OO 












1 

















RESET HIGHESiT ISR BIT 








i 


'i' 


Q 





L2 


LI 


LO 


RESET ISR SPECIFIED BY L2-L0 





1 


9 


1 


9 








(1 





RESET HIGHEST ISR BIT 

AND ASSIGN LOWEST PRIORITY 





r 


T 


"T" 










LI 


LO 


RESET ISR SPECIFIED BY L2-L0 
AND ASSIGN LOWEST PRIORITY 





1 


1 











L2 


LI 


LO 


SET L2-L0 LOWEST PRIORITY 



Ffg^i^iS, 0CW2 Command S ummary 



Interrupt Masks (OCW 1 ) 

OCWl' a&Mfofe-lhfe TntefrtJpt Ma* Itegister (IMR). 
Through OCWl, individual bits in the IMR may be 
set or reset by the software at any time. As stated 
earlier, the IMR acts only on the output of the 
Interrupt Request Register (IRR). Even with an IR 
input masked, it iS sttt possible to set the IRR bit. 
However, no interrupt can be generated from the 
request since the IMR blocks the Priority Resolver 
from seeing the set IRR bit. If the IMR bit is reset 
while the IRR bit is set, the Priority Resolver can 
then see the IRR bit and an interrupt could be gen- 
erated. After initialization, any-^c^oQ^and with 
Ao=l is interpreted as ah OCWl, s^i^igure 16. 



But resetting the ISR bit is irreversible and the 
lower priority devices remain ertaMed wtil aaiother 
interrupt on your level occurred. The effect of the 
ISR bit can be temporarily suspended by first 
masking the input that is in-service and then setting 
the Special Mask Mode. Once SMM is set, it re- 
mains in affect until it is reset. The format to set 
and reset SMM is shown in Figure 17. The only 
requirements for SMM' Sire that the level corre- 
sponding to the routine setting SMM must be 
masked through OCWl and that interrupts are 
enabled. Example 5 shows how to enable inter- 
rupts over a particular section of code. 



OCWl INTERRUPT MASK 

DATA BUS FIELD [ 
D7 D6 D5 D4 D3 02 Dl DO 



I S6 I S5 [ S4 j S3 I S2 I SI I SO I 



IR INPUT 
1 = MASK SET 
= MASK RESET 

.Pi yoc^ 



Figure 16. Interrupt Mask Command Format 

I .1.-' 

Special Mask Mode (0CW3) ' 

The last OperariQn Command Word is OCW3. This 
word controls two additional modes plus the read- 
ing of the various registers. The first mode is the 
SpeGialiM^.ISlode (SMM). ,.. 

Let us say that you are in a service routine that con- 
tains a section of code where you want all inter- 
rupts enabled ; that is, you ^yant to allow your lower 
priority devices to generate interrupts. You could 
accomplish this by using an pOI command to reset 
the |SR bit cormspoa^^ t(? liie routine we are in. 



0GW3 SPECIAL MASK MODE 
DATA BUS FIELD 
AO D7 DC D5 04 D3 D2 01 DO 

Isilszlolilololo 



[I 



don't 



SET SMM 
RESET SMM 



Figure 17. Special Mask Mode Command formats 



"tZM. SGRVICb ROUTINE HHICH CONTAINS SPBCIAt MASK MODE 
'j£l Cft^H^P ;£NAB[.E INTERhtiPTS- 



jOISABE^ tKTEItRUPTS FOB COWIUlfiS 
A.ltB iMASK tK* 
PT59B ;S259 EOKT A0>1 
A,4SU ;SET SHH 
PTS9A jB259 PORT Ai-B 

jLNABLb INTtRBUPTS 



ENABLED 

.-CISABLE. InTLRRUPTS FOk COHNANDS 
A,6BU ;KtSbT SHK 
PT59A ;8259 PORT AB-B 
A.tBB iSbHOVE MASK OH IR4 
PTS96 ;82S9 POM AB"! 

lEHABLE IKTLRRUPTS 



f WStAIN APVhOPHlATE £01. 



Example 5. Special Mask Mode 



Note that SMM applies to all mask;d levels when 
set. If IRl interrupts the IR4 routine in the above 
example while SMM is set, and then masks itself, 
IR2 and IR3 are enabled. 

PoUed Mode (OCW3) 

The S259 also supports the polled interrupt 
method of I/O servicing mentioned earlier. Rather 
than having the processor poll the peripherals in 
Older to find the actual interrupting device, the 
processor polls the 8259. This allows the use of all 
of the aforementioned priority modes. Ad#ti0il- 
ally, both the polled and vectored .nterrupt metli- 
ods can be used within the same program. 

Basically, the polling is implemented' by allowing 
the programmer to initiate a software controlled 
interrupt acknowledge through the "P" bit in 
0CW3. This interrupt acknowledge behaves exactly 
as the first "normar' hardware acknowledge; that 
is, the ISR bit of the highest priority input is set. 
The 8259 then enables a special word onto the 
data bus. This word shows whether an interrupt 
has occurred and what the highest IRR bit is. 

To initiate a poll, interrupts must tirst be disabled; 
either by executing a DI instruction or from having 
an interrupt occur. Then an OCW3 with P=l is sent 
to the 8259 using an OUTput command (or a WR 

pulse). The next RD pulse (possibly from an INput 
command) is treated as an interrupt acknowledge, 
and the following word is placed on the data bus: 



POLLED WORD 

□7 D6 05 D4 D3 D2 DI DO 



I W2 I W1 I VJol 



WHERE: I = 1 IF INTERRUPT OCCURRED 
AND W2-W0 CODE IN BCD THE 
HIGHEST PRIORITY IRR BIT SET 



Service to the requesting device is. achieved by the 
software decoding this word and branching to the 
appropriate service routine. Every time a poll is to 
be performed, the 0CW3 must be wittten before 
the RD pulse. If a poU is perforined without an 
interrupt having occurred, the returned word is 
1=0 and WO, Wl, and W2=l. The format for 
OCW3 Poll Command is shown in Figure 18. 

To illustrate the Polled mode, consider a system 
where the 8259 and the 8080 are on different 

cards, and the system bus does not contain a 
line for the INTA interrupt acknowledge, al- 
though interrupt request lines are provided. In this 



instance, the Polled mode is the only way to take 
advantage of the 8259's prioritizing features. The 
INT pin of the 8259 is connected to the Interrupt 
Request line of the system bus while the 8259 
INTA pin is simply held high. The 8080 card must 
contain logic to jam either a CALL or a RST in- 
struction on the card's data bus in response to an 
interrupt on the system bus (either an 8259 on the 
processor card or an 8228 would accomplish this). 
The RST or the CALL vectors the 8080 to a 
polling routine. The polling routine simply writes 
an 0CW3 with P=l to the off-board 8259 port 
followed by an input at the same port. The 8259 
then releases the above word onto the system data 
bus. The polling routine then decodes the returned 
word and vectors the 8080 to the appropriate 
service routine. 



0CW3 POLLED MODE 
DATA BUS FIELD 
07 06 05 04 03 02 D1 DO 

-|o|°l°|i|i|o|~o1 



P BIT- READ HIGHEST PRIORITY IRR BIT 



L PB 

Figura 18. Polled Mode Command Format 

TTiis ihethod can be extended to multiple off-board 
8259s. Each 8259 is polled and the returned word 
indicates whether the selected 8259 is the one 
which generated the interrupt. Do not forget that 
even though the CALL features of the off-board 
8259 are not being used, each 8259 must receive 
an initialization sequence. In this case, the starting 
addr^s specified in the ICWs could be a "fake". 

Reading file 8259 Status (OCW3) 
The contents of the IRR, the ISR, and the IMR 
can be read to update the user information on the 
system. The registers are read by issuing the appro- 
priate 0CW3 _md then reading with an INput in- 
struction or RD pulse. The OCW3 words for read- 
ing the IRR and the ISR are shown in Figure 19. 



0CW3 READ STATUS 
DATA BUS FIELD 
ABl D? D6 OS 04 D3 D2 DI 



I I 1 1 1 I R1 I R2 I 



REAOmR 
READ tSR 



Figure 19. Read Status Command Formats 
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There is no need to write an OCW3 before every 
status read as long as the status read corresponds 
with the previous one; i.e., the 8259 "remembers" 
whether the ISR or the IRR i*s been previously 
selected by the 0CW3. 

tm reading th^ IMR, an OUTput instruction (or 
WR pulse) is not necessary to precede the INput 
instruction (or RD pulse). The 8259 data lines con- 
tain the IMR whenever RD is active and Ao=l. 
Thus an INput instructioti to fjejf 3IS9 Ao=l port 
reads the IMR at any time. 

A summary of 0CW3 command words is shown in 
Figure 20. ' 

I 

!■ ;- -C; - Jr ■■ ■;-.r-r^ ,.f tjt',- ijji f ,-i 

OtiM ^MMAND SUMMARY 



OOMMAHB 


AO 


D7 D6 


DATAH 
DS D4 


J8FI£LD 
D3 D2 


01 


DO 1 


OPERATION 


POLLMOIME 











t 1 








POLL ON NEXT RD 


READ ISR 





- 





1 


1 


1 


READ ISR ON NEXT RD 


READ IRR 











1 


1 





READ IRR ON NEXTRD 


SET SMM 


a 


1 


1 


1 








SET SMM 


RESET SMM 





1 





1 








RESET SMM 



Figure 20. 0CW3 Command Summary 



I.,., -5 -. ■ 

cAscumsiGrrm 8259 

As mentioned earlier, more than one 8259 can b^ 
used to expand the priority interrupt scheme to up 
to 64 levels without additional hardware. In such 
cases, one 8259 acts as a master, and the others 
serve as slaves. Figure 2 1 shows a system contain- 



ing a master and two slaves providing a total of 22 
levels of interrupt. 

Hardware-wise, the master is designated by a 

"high" on the SP pin, while the SP pins of the 
slaves are grounded. Additionally, the INT output 
pins of the slaves are connected to the IR input 
pins of the master. The CASO— 2 pins for all 
8259s are paralleled. These pins act as outputs 
when the 8259 is a master and act as inputs for the 
slaves. The CASO— 2 pins serve as a private 8259 
bus to control which slave has control of the sys- 
teTO d^tft bus when the destination address is issued 

The sequence of events for a valid interrupt request 
on a slave is covered here. The slave IR input 
makes an inactive-to-active transition. Assuming 
this request is higher priority than other requests 
and in-service levels on the slave, the slave's INT 
pin is pulled high, signaling the master of the 
request. Assuming that this request to the master is 
higher priority than other master requests (possibly 
from other slaves) and master in-service levels, the 
master's INT pin is pulled high, interrupting the 
8080. When this interrupt is aclaiowledged by the 
8080, the master places the CALL instruction on 
the data bus. The master knows that the original 
request was on a slave (from ICW3 that will be 
covered shortly) and then puts the interrupted 
^«^ #Ww€A'S lines. This causes the slave to 



ADDRESS BUS [in 



CONTROL BUS 



"TV 



DATA 8 US (8) 



TV" 



~7V 



CS A, 



_iz 1^ 



CASO 
CAS1 



CAS 2 

$P76543210 



Az iAi 

S Aq INT 

CASOl- 

SLAVES 

CAS 2 

7 6 5 4 3 2 1 



CS A(, 
CASD 



CAS 2 

M7 M6 MS M4 M3 M2 Ml MO 



7 M ,5 4 3' a 1 



7SS43210 



INTERRUPT REQUESTS 



Figure 21. Cascaded System Diagram. 



place on the bus its preprogrammed address for 
the requesting input during the second and third 
INTAs. The- aiBPJopriate ISR bits, ,fQr bath, tha 
ms^er and-^^oi^ te<e sit. '^ds coi^IsM^ &Kt^>' 
rupt request. " ' / ■! ' ■■>.-■ -< . 

Several things should b^ci^e evi^€a|t, |rom the 
above sequence. First, because there are two ISR 
bits that are set by an acknowledged slave inter- 
rupt, two EOI commands must be issued; one for 
the master aniiQae!lQx.the;$lave. AA^iseWiij et(# 
8259 must have a separate initialization sequence. 
This gives each IR input a unique address plus de- 
fines how the master and slaves are interconnected. 
This interconnection is specified in ICW3. The 
master. tdfe the ma^gr which of its IR inputs 
are. coiuieiiied to slaves. The slave ICW3 tells the 
slafeiwhifiif IR master input it is connected to. This 
IR input-is the slave's ID. The format for ICW3 is 
shoiwn in Figure 7. Also note that each slave could 
receive' commands to operate in different modes; 
ie., one slave could be in Rotating Priority while 
thp Qther is in Fully Nested mode. 

Afl initializ^fi^' seqlfenee is illustitted in Example 
6. The master's jump table starts at OOH, slave A's 
at 20H, and slave B's at 40H; all with 4-byte inter- 
vals. The master ICW3 shows that there are slaves 
on IR inputs 3 and 6. Slave A ICW3 shows its ID 
as 3, indicating that it is the slave connected to the 
master IRS. Slave B's ID is 6 and it is connected to 
the master IR6. The priority levels are now ar- 
ranged as shown. 



lew 

DATA BUS FIELD 
AO D7 D6 05 D4 D3 D2 D1 DO 



ICW1 
ICW2 

lews 

ICW1 
1CW2 



1 



M7 Sia-SBO MB 



SA7-SA0 M2 Ml MO 



Examples. Cascaded Initialization 



Some special housekeeping software in the slave 
interrupt service routines is required in order to 
preserve a truly Fully Nested structure. Why? 
Notice that if level SA5 (IRS on slave A) is in- 
service?JO^#i Slave A ISRS ilitriaid the master 



ISR3 bit are set) and level SA2 is asserted, then the 
priority structure of the slave will assert an inter- 
rupt to the master. But the master's ISR bit for 
that level is already set from the SA5 request. This 

will prohibit the request from being acknowledged 
until the master receives an EOI, thus losing the 
true Fully Nested structure since a request on SA2 
should interrupt a SA5 service routine. 

To solve this dilemma, the first task upon entering 
a service routine of a device connected to a slave is 
to mask off the lower priority master IR inputs, 
(in this case, M7, M6, M5, and M4). Then issue an 
EOI to the master for the input the slave is con- 
nected to (Specific EOI M3). This enables the 
master to accept higher priority interrupts from 
the slave. Hie masking process allows any interrupt 
request from a higher priority (higher than SA5) to 
be acknowledged and any lower priority request 
(M7 thru SA6) to be ignored. If the lower priority 
master inputs were not masked, the master would 
acknowledge a request on, for instance M7, since 
the mS il& fe reset by the master EOI. 

Software must abo maintain the information that 
level SA5 is the lowest priority slave in-service. 
This is because the masks on the lower priority 
master inputs must be removed upon completing a 
service routine, but only by the lowest in-service 
slave level. If SA2 is the only in-service level then it 
resets the masks. However, in the main example, 
the SA2 routine returns to the SA5 routine. In this 
case, SA2 should not reset the masks, but allow 
SA5 to reset them just before returning. This can 
be accompUshed by reading and saving the master 
IMR upon entering a slave input service routine 
and then restoring it upon leaving. Figure 22 is an 
example of how the SA5 service routine should 
look. This form should be followed for all service 
routut^ of 4evice8 cormected to slave IR inputs. 

APPLICATION EXAMPLES 

POWER FAIL/AtiTO-START WITH BATTERY 

BACKED-UP RAM 

The first appUcation illustrates the 8259 used in 
the Fully Nested mode in supporting a battery 
badQ-up scheme for the RAM (Random Access 
MeffiOty) in a microcomputer system. Such a 
scheme is important in numerical and process con- 
trol applications. The entire microcomputer system 
could be supported by a battery back-up scheme, 
however, due to the large amount of current usu- 
ad^^Me^uired and the fact that most machinery is 



to be saved. In the event of a loss of power, if these 
items are not already stored in RAM, they can be 
transferred there and saved using a simple battery 
back-up system. 



eSDB 
eecA 



B8SB DS 
BBBl Ch 
BBB2 El 
BBB3 FS 
B8B4 DBDB 
BSB6 5P 
BBB7 3EFB 
BBB9 D3DB 
BBBB 

BBBD D30A 
BBBF FB 



BBIB F3 

BBll 3E2B 
Be 13 DiZH 

eei5 7B 
BB16 D3BB 
BBia Fl 
BB1» Bl 
iBlA CI 
iilB Bl 
BCIC PB 
BBlb C9 



3 ;L(;UA1LS: 

4 MSPTS Ei^l 

5 HSPIA EUl 

6 SLPTA Eul 



iLAVE PORT > 



tVE 



SAVE Bi: 

SAVE HI. 

SAVE A PLUS FLAGS 
PEAL HASVBt) IMR 

ST<jBE :h e 

MASK HWEB HASTCR M7-H4 
AASIER PORT WITB AB-1 
SPECIF C EOl TO M3 
MASTER PORT WITH AB-8 
ENABLE INTERRUPTS 



PTS FOR COHHABOS 

NOM-SPECIPIC EOI FOR SLAVE 
SLAVE A PORT AB-B 
RESTORE MASTER IHB IHTQ A 
HASTER PORT AB-l 

reatore a plus flags 
restore: HL 



Figure 22. Sample Slave Service Routine 



The vehicle used in this application is the Intel® 
SBC 80/20 Single Board Computer. The SBC 
80/20 contains an 8259 on-board along with con- 
trol lines helpful in implementing the power-down 
and automatic restart sequence used in a battery 
back-up system. The SBC 80/20 also contains user- 
selectable jumpers which allow the on-board RAM 
to be powered by a supply separate from the sup- 
ply used for the npijijRAM components. Also, the 
output of an undedtcaifeH latch is available to be 
connected to the IR inputs of the 8259 (the latch 
is cleared via an output port). In addition, an un- 
dedicated, buffered, input line is provided, along 
with an input to the RAM decoder that will pro- 
tect rnemory when asserted. 

The additional circuitry to be described was con- 
structed on an SBC 905 prototyping board. An 
SBC 635 Power Supply was used to power the non- 
RAM section of thtS^/gOi wWIe an external DC 



aupjji>iiiB puwer lo me KAM. ine bUC bii was 
used since it provides an open collector ACLO 
output which indicates' that the AC input line volt- 
age is below 103/206 VAC (RMS). 

The following is an example of a power-down and 
restart sequence that introduces the various power 
fail signals. 

l . -An AC power failure !fee@&i!rfaiiiithe AGLO 
' goes high (ACLO is pulled up by the battery 
supply). This indicates that DC power will be 
reliable for at most 7.5 ms. The power fail' 
circu itry generates a Power Fail Int errupt 
(PFI) signal. This signal sets the -IM latch,, 
which is connected to the IRO input of the 
8259, and sets the Power Fail Sense (PFS) 
latch. The state of this latch will indicate to 
the processor, upon reset, whether it is com- 
ing up from a power failure (warm start) or if 
it is coming up initially (cool start). 

2. The processor is interrupted by the 8259 
.when the PFI latch is set. This pushes the 

' pre-powei-^own program counter onto the ., 
stack and calls the service routine for the IRQ 

input. The IRO service routin. saves the proc- 
essor status and any other needed variables. 
The routine should end with a HALT;iiiShruc- 
tion to minimize bus transitions. 

3. After a predetermined length of time (5 ms 
in this example) the power fail circuitry gen- 
erates a Memory Protect (MPRO) signal. All 
processing for the power failure (including the 
interrupt response 4pJlays) must be com pleted 
within this 5 ms windcrw.- The MPRO signal 
ensures that spurious transitions on the 
system control bus caused by power going 
down do not alter the contents of the the 
RAM. ■ 

4. DC power goes down. 

5. AC power returns. The power-on reset cir- 
cuitry on the 80/20 geg^nAes a '^sttm RE- 
SET. 

6. The processor reads the state of the PFS line 
to determine the appropriate start-up se^ 
quence. Ths PFS latch is cleared, the MPRO 
signal is removed, and the PFI latch driving 
I RO is cleared by the Power Fail Sense Reset 
(PFSR) signal. The system then continues 
from the pre-power-down location for a warm 
'Start hy isstoxing>:th£ pna^siiirittaOjis and 



popping the pre-power-down program counter 
off the stack. 

Figure 23 illustrates this timing. i 

.-.■■.X. niwi I 

Figure 24 shows the block diagra»4^tH^'^^**^'4- i 
Notice that the RAM, the RAM de^^f.-TWd^fe 
power-down circuitry are powere4 by the tSttfiery 
supply. ' J j 

The schematic of the power-down circuitry and the 
SBC 80/20 interface is shown in Figure 25. The 
design is very straightforward and uses CMOS logic 
to minimize the battery current requirements. The 



Cold Start switch is necessary to ensure that during 
a cold start, the PFS line is indicating "cold start" 
sense (PFS high). Thus, for a cold start, the Cold 
Start switch is depressed during power on. After 
that, no further action is needed. Notice that tlie 
PFI signal sets the on-board PFI latch. The output 
of thMjatch drives the 8259 IRQ input. This latch 

tsimre^ during' th^ jcestart routine by exec uting 
OUTput D4 H instruction. The state of the PFS 
line may be read on the least significant data bus 
line (DBO) by executing an INput D4 H instruc- 
tion. An 8255 Po rt (82 55 #1, Port C, bit 0) is 
used to control the PFSR line. 



POWER DOWN 



ACLO. 




PFSR • 



MPRO ' 



DC ' 



- 7.5 ira rniH' 



POWER FAIL 
ROUTINE 



RESTART 



4 



\ 



/ 



/ 




POWER UP 
ROUTINE 



Tx^M'S^Wmm Down - Restart Tuning 
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BATTERY SUPPLY 



ROM 



CONTROL BUS - 
DATA BUS - 
ADDRESS Bus- 



es 



DECODER 



CS 



ACLO 

_L 



POWER DOWN 
CIRCUITRY 



DECODER 



PPSR 



^, COLD 



8080A 
GROUP 



INT 



8259 



Figure 24. SBC 80/20 with Power Down 



POWEBDOWNCIRGUITRV SBC 80/20 



+6y 




A1 MC14049 
A2 MC14013 ^ 
« MOi462S 



Figure 25. PcnMr Down :- SBG 60^ interface 
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The Fully Nested mode for the 8259 is used to 
ensure that IRO always has the highest {niosty. 
The remaining IR inputs can be used for any other 
purpose in the system. The only constraint is that 
the service routines must enable interrupts as early 
as possible. Obviously, this is to ensure that the 
power-down interrupt does not have to wait for 
service. If a rotating priority scheme is desired, 
another 8259 could be added as a slave and be pro- 



grammed to operate in a rotating mode. The 
roaster would remain in the Fully Nested mode so 
that the IRO still remains the highest priority 
input. 



The software to support the power-down circuitry 
is shown in Figure 26. The flow for each label wiU 
be discussed. 



SOURCE STATEMENT 



0116 r9 
eai7 ci 
Mia Di 

■•19 Bl 
MIA PI 

etlB n 

BIIC C9 



MID 3E1S 
atlF D30A 

■»2i am 

M23 D3B8 



2 I POWER OOlaN f 



} RESTMT ton TBB sac u!/2» 



I iSXSTEH EQUATEG: 

i PT59A EQU BDAH 

S PT598 ew SOBH 

J PPJICT EQU B£7H 

1 PPIIC £00 BESH 

) ftfSAVE EQU 360011 

I JPt EQU 01fl 



lS2S9 l>ORT mtB A0>B 
;8259 PORT MITH AB-1 
IB2SS II COHTROL PORT 
l62i% tl PORT C 
;SP STORAGE IM RAH 
tRSB OP 82^9 JtHW TABU 



12 tSTAREIIHG POIHT APTER SVSTUI RESET 



15 Bikatt IN 



•MH IRUD PPS/ STATUS 

|PF5/ OH DBB, PUl- IN CARRV 
CSTART jPFS/.l, THEN COLD START 



;MSTAfiT LOCATION. PFS/"fl , THE^ 



A.BIH 
PPIIC 
BD4H 

INtT 

SPSAVE 



jRETUiW PF8R/ RICH 

t825S II PORT C 

(RESET PFI LATCH 

;GO INITIALIZE EVSRYTUIHG 

tRETFIEVE SP PROM RAH 

iPUT BACK INTO SP 

jHESTORt aC 

jKESTOBt EE 

SHES^'ORE UL 

jRESl-ORE A PLUS FLAGS 

fBMIlLE INTEAMIPSS 

i(w mot 80 iBtiM m -ix 



41 flKITIALISATlON ROUTINE. AT I 



r DO 8259.. 



MVI A, 16H ; F-1 ,5=l,A7~A5-e ICWI 

OUT PTS9A ;a25» PORT WITH AB-8 

NVI A.JPT jHSB OF JUMP TABLE lCh2 

OUT PT59B i8253 PORT WlTIi A0-1 

]ADD AMY OTBBR INITIALISATIONS HERB 



itbib PS 
•«27 as 

H2a 05 
b»29 C5 
B02A 2jil«U 
BB2B 39 
H2li 22«S3a 



0^31 aB3B 
M33 D3SA 
■■35 7fi 



! iPOHER 

I j 



RK I RETURN 

OONH ItOUTINE TO SAVE REGISTERS AND STATUS 



PUSli 


FSM 
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iGET SET TO GET SP 


UAL 
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;SP NOh in HL 


SHLt 


SPSAVE 


;SAVE SP IN HAH 


;EOI 
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NEEDED BUT INCLliOED FOR COMPLETENESS 
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cm 
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B100 


71 


ORG 
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72 


JSXART: JMP 


RcesAV 


IIM 
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73 
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75 
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88 
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82 
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85 
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BB 


MP 
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89 


tCOLO START 


LOCATIOK. USER'S 



el23 318lj3E 
B123 CDIDBI 
8126 C304 
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, CSTART: LKi SP,3P8aB :iHITIALI£E SP 

• CALL INIT lIHITIALIZE EVEHYTHIkG ELSE 

I OUT B04H ;ItE£ET PFI LATCH 

I EI tEMABLE INTERRUPTS 

> J 

i laSBSi PSOGHII STUiS HERE 

f t 

I EHD jDOMB 



Figura 26. Power-down Software 
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After any system reset, the processor starts execu- 
tion at location OOOOH (START), The PFS status is 
read and execution is transferred to CSTART if 
FFS aicttcatos a cold start (i.e., someone is depress- 
«M6 (Md Start switch) or WSTART if a warm 
start is indicated (PFS low). CSTART is the start 
of the user's program. The Stack Pointer (SP) and 
device initiahzation was included just to remind 
the reader that these must occur. The first EI 
instruction must appear after the 8259 has received 
its WtfaK^tidn sequence. The 8259 (and other 
devices) are initialized in the INIT subroutine. 
Four-byte intervals are selected for the 8259 since 
a jump table is being used (F=l) and S=l since 
there is only one 8259 in the system. After initial- 
ization, the user's program is exe^tei. 

When a power failure occurs, execution is vectored 
by the 8259 to. REGSAV by way of the jump table 
at JSTART. The pie-power-down program counter 

is placed on the stack. REGSAV saves the proces- 
sor registers and flags in the usual manner by push- 
ing them onto the stack. Other items, such as out- 
put port status, programmable peripheral states, 
etc., are pushed onto the stack at this time. The 
Stack Pointer (SP) could be push;d onto the stack 
by way of the register pair HL but the top of the 
stack can exist anywhere in memory and there is 
no way then of knowing where that is when in the 
power-up rout^e. ITiuSi the SP is saved at a dedi- 
cated location in RAM. It is not really necessary to 
include an EOI command in REGSAV since power 
will be removed from the 8259, but one is included 
for completeness. The final instruction before 
actually losing power is a HALT. This minimizes 
somewhat spurious transitions on the various 
bu^s and lets the processor die gracefully. 

On reset, when a wton start is detected, execution 
is tra nsferred to WSTART. WSTART activates 
PFSR by way of the 8255 (all autputs go low 
when the 8255 is initialized). In the power-down 
circuitry, PFSR clears the PFS latch and removes 
the MPRO signal which then allows access to the 
RAM. WSTART abo clears the PFI latch which 
arias «lie 8259 IRO input. Then the 8259 is re- 
initia]i:?ed along with any other devices. The SP is 
retrieved from RAM and the processor registers 
and flags are restored by popping them off the 
stack. Interrupits are then enabled. Now the pre- 
power-down progrm eoimter is on top of the 
stack, so executing a RETum instruction transfers 
the processor to exactly where it left off before the 
powirfailias? • 



Aside from illustrating the usefulness of the 8259 
(and the SBC 80/20) in implementing a power 
failure protected microcomputer system, the above 
application should also point salt a way of preserv- 
il^ the processor statw when using interrupts. 

78 LEVEL INTERRUPT SYStlM 

The second application illustrates the use of both 
the Fully Nested and Polled modes in implement- 
ing an interrupt structure with greater than 64 
levels. The 8259 supports up to 64 levels with 
direct vectoring to the service routine. Extending 
the structure to greater than 64 levels requires the 
use of polling. A 78 level structure is used as an 
illustration, however the principles apply to sys- 
tems with up to 5 1 2 levels. 

To implement the 78 level structure, 3 tiers of 
8259s are used. Nine 8259s are cascaded in the 
master-slave scheme giving 64 levels at tier 2. Two 
additional 8259s are connected, by way of the INT 
outputs, to two of the 64 inputs. The 16 inputs at 
tier 3, combined with the 62 remaining tier 2 in- 
puts, give 78 total levels. The Fully Nested struc- 
ture is preserved over all levels although direct 
vectoring is supplied for only the tier 2 inputs. 
Software is required to vector any tier 3 requests. 
Figure 27 shows the tiered structure used in this 
example. Notice that the tier 3 8259s are con- 
nected to the bottom level slave (SA7). This simpli- 
fies the housekeeping required in the service rou- 
tines since the IMR of the master does not have to 
be changed as discussed in the cascading section. 
The master-slaves are intercOim^ted as shown 
before, whUe the tier 3 8259s are connected as 
"masters"; that is, the SP pins are pulled high and 
the CAS pins are left unconnected. Since these 
8259s are only going to be used in the polled 
mode, no INTA is required, therefore the INTA 
pins are pulled high. 

The concept used to implement the 78 levels is to 
directly vector to all tier 2 input service routines. If 
a tier 2 input contains a tier 3 8259, the service 
routine for that input will poll the tier 3 8259 and 
branch to the tier 3 input service routine based on 
the word returned during the poll. Figure 28 shows 
how the jump table is organized assuming a starting 
location of lOOOH and cpntiguDUS tables for all the 
tier 2 8259s. Note that "SA3S" denotes the IR5 
input of the slave connected to the master IR3 
input. Also note that for the normal tier 2 inputs, 
the jump table vectors the processor directly to 
the service routineHfer -tfiat input, while for the 
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tier 2 inputs with 8259s, the processor is vfectored 
to a service routine (i.e., SBO) which will poll to 
determine the actual tier 3 input requesting serjajie. 
The polling routine utilizes the jump table startil^ 
at 1 200H to vector the processor to the correct tier 
3 service routine. 



are connected as masters. The initialization se- 
quence for each tier is shown in Figure 29. Notice 
that the master is initiaUzed with a "dunamy" jump 
table starting at OOH since all vectoring is done by 
the slaves. The tier 3 devices also receive "dummy" 
tables since only polUng is used on tier 3. 
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Figure 27. 78 Level Diagram 



LOCATION 


8269 


CODE 




OOMMENTS 


1000 H 


SAO 


JMP 


SAOO 


; S»m SERVICE ROUTINE 


101CH 




JMP 


SA07 


: SA07 KRVICE ROUTINE 


1020 H 


SA1 


JMP 


SA10 


; SA10 SERVICE ROUTINE 


103CH 




JMP 


SA17 


: SA17 SERVICE ROtmHIE 


: SA20-SA67 SERVICE I^PIJTINES 


10E0H 


SA7 


JMP 


SA70 


: SATO SERVICE ROUTINE 


10F8H 
10FCH 




JMP 
JMP 


SBO 
SB1 


; SBO ^OLL ROUTINE 
; SB1 i»OLL ROUTINE 


1200 H 


SBO 


JMP 


SBOO 


; SBOO SERVICE ROUTINE 


121CH 




JMP 


SB07 


: SB07 SERVICE ROUTINE 


1220 H 


SB1 


jh^ 


SB10 


; SB1Q SERVICE ROUTINE 


123CH 




mp 


SB17 


: SB17 SERVICE ROUTINE 




Figure 28. 


Jump Table Organization 



Each 8259 must receive an initialization sequence 
regardless of the mode. Since the tier 1 and 2 
8259s are in cascade, they require all three ICWs. 
The tier 3 8259s require only ICWl and ICW2 
since only polling will be used on them and they 



: INITIALIZATION SEQUENCE 
: INITIALIZE MASTER 

MINT: MVI A, 14H 

OUT MPTA 
MVI A, OOH 

OUT Mpre 

MVI A, FFH 
OUT MPTB 



F-1,S^, A7-AS-0 ICWl 
MASTER PORT AOHJ 
DUMMY ADR ICW2 
MASTER PORT A0=1 
S7-S0=1 ICW3 
MASTER PORT A0=1 



INITIALIZE SA SLAVES - X DENOTES SLAVE ID {SEE KEY) 

5AXINT: MVI A, <x ; SEE KEY ICWl 

OUT SAXPTA : £&XA)flT A&-0 

MVI A,10H : ADR ICW2 

OUT SAXPTB ; SAXPORT AO-1 

MVI A,OXH SA ID ICWS 

OUT SAXPTB ; SAXPORT A0«1 

REPEAT ABOVE FOR EACH SA SLAVE 

INITIALIZE SB SLAVES - INITIALIZE AS MASTERS (SINGLE) 



MVI A.16H 

OUT SBd^A 

MVI A, OOH 

OUT SBBPTB 

MVI A,16H 

OUT SB1PTA 

MVI A, OOH 

OUT SB1PTB 



^,1.&fr,A7-A&4 ICWl 
SBO PORT AO^ 
DUMMY ADR ICW2 
SBO PORT A0=1 
F=1,S=1, A7-A5=0 ICWl 
SB1 PORT A0°0 
DUMMY ADR ICW2 
SB1 PORT AO-1 



SA INITIALIZATION KEY 



SAX 


a (ICW1I 


JUMP TABLE ^ART (H) 





14 


1000 


1 


34 


1020 


2 


54 


1040 


3 


74 


1060 


4 


94 


1060 


S 


B4 


10A0 


6 


D4 


10C0 


7 


F4 


10E0 



Figure 29. Initialization Sequence 



As shov^ in the cascading section, some house- 
keeping is required by the service routines to pre- 
serve the Fully Nested structure. For the tier 2 

inputs which do not have tier 3 8259s, the house- 
keeping is similar to that shown in Figure 22. Fig- 
ure 30 shows this format generahzed for any tier 2 
service routine without a tier 3 8259. The house- 
keeping for the tier 2 service routines with tier 3 
8259s is only slightly more complex. The addi- 
tional complexity is due to the masking required 
on the slave itself since the tier 2— tier 3 situation is 
analogous to the master-slave situation described in 
the cascading section. In this case, if for example, 
SB05 is in-servicse, the M7 and SA76 ISR bits must 
be reset and SA77 masked off to enable a higher 
priority input (SB04— SBOO) to generate an inter- 
rupt. Figure 31 shows the form for the SA76 ser- 
vice routine (labeled SBO in the jump table) which 
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4 



service routine, hf ' #ay of the jump table at 
1200H, a separate retiirrt routine is used to end the 



SBORET restores the masks, executes an EOI, and 
restores the processor status. 



C 



SAX 



SAVE PROCESSOR 
STATUS. 



READ& SAVE 
MASTER IMR 



MASK LOWER 
MASTER INPUTS 



SPECIFIC EOI 
MASTER 



SERVICE 
ROUTINE 



DISABLE 
INTERRUPTS 



NON-SPECIFIC 
EOI SAX 



RESTORE IMR 
MASTER 



GENERAL SAX SERVICE HOUSEKEEPING - 
TO FIND VARIABLES 



USE KEY BELOW 



SAX 



KEY: 



RESTORE PROCESSOR 
STATUS 



ENABLE 
INTERRUPTS 



PUSH 


D 


SAVE DE 1 


PUSH 


B 


SAVE BC 


PUSH 


H 


SAVE HL 


PUSH 


PSW 


SAVEA+FLA^ ! 


IN 


MPTB 


GET MASTER IMR , 


MOV 


E,A 


SAVE IN E ! 


MVI 


A, a 


MASK LOWER MASTER, S^E KEY 


OUT 


MPTB 


MASTER PORT A0=1 


MVI 


A, (3 


SPECIFIC EOI MASTER, SEE KEY 


OUT 


MPTA 


MASTER PORT A0=0 


El 




ENABLE INTERRUPTS 


ROUTINE GOES HERE 




01 




DISABLE INTERRUPTS 


MVI 


A,20H 


NON-SPECIFIC EOI SAX 


OUT 


SAXPTA 


SAX PORT A0=0 


MOV 


A, E 


RESTORE IMR MASTER 


OUT 


MPTB 


MASTER PORT A0=1 


POP 


PSW 


RESTORE A+ FLAGS 


POP 


H 


RESTORE HL 


POP 


B 


RESTORE BC 


POP 


D 


RESTORE DE 


El 




RE-ENABLE INTERRUPTS 


RET 




pom 






* •• 


SAX 


et(0GW1) 


f (0CW2) 





FE 


80 


1 


FC 


61 


2 


F8 


62 


3 


FO 


63 


4 


EO 


64 


5 


CO 


es 


6 


80 


6B 


7 







Figura 30. Generalizaed Slave Senrice Routine 
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SAVE PROCESSOR 
STATUS 



READ & SAVE 
SA7 IMR 



MASK LOWER 
INPUTS ON SA7 

I 



SPECIFIC EOl 
M7, SA76 



POLL SBO 



CALCULATE JUMP 
TABLE ADDRESS 



GO TO SERVICE 
ROUTINE 



C 



SBORET 



3 



NON-SPECIFIC 
EOl SBO 



RESTORE 
SA7 MASKS 



SBO ROUTINE - FINDS REQUESTING INPUT AND 
BRANCHS TO CORRESPONDING SERVICE ROUTINE 



SBO: 



SBORET: 



RESTORE PROCESSOR 
STATUS 



PUSH 




SAVE DE 


PUSH 


B 


SAVE BC 


PUSH 


H 


SAVE HL 


PUSH 


PSW 


SAVE A+FLAGS 


IN 


SA7PTB 


READ SA7 IMR 


MOV 


D,A 


SAVE IN D 


MVI 


A, 80 H 


MASK SA77 


OUT 


SA7PTB 


SA7 PORT A0=1 


MVI 


A, 66 H 


SPECIFIC EOl SA76 


OUT 


SA7PTA 


SA7 PORT A0=0 


MVI 


A, 67H 


SPECIFIC EOl M7 


OUT 


MPTA 


MASTER PORT A0=0 


LXI 


H, 1200H 


JUMP TABLE START IN HL 


MVI 


B, OOH 


CLEAR B 


MVI 


A, OCH 


POLL SBO 


OUT 


SBOPTA 


SBO PORT A0=0 


IN 


SBOPTA 


GET POLL WORD 


AWi- 


S?H 


LIMIT TO 3 BITS 


ADD 


A 


GET TABLE OFFSET 


ADD 


A 




MOV 


C,A 


OFFSET IN C 


DAD 


B 


HL NOW HAS TABLE ADR 


PUSH 


D 


SAVE IMR 


El 




' ENABLE INTERRUPTS 


PCHL 




JUMP TO ROUTINE VIA TABLE 


DOES CLEAN UP AND EOl AFTER SBO INTERRUPT 


Dt 




DISABLE INTERRUPTS 


MVI 


A.20H 


NON-SPECIFIC EOl SBO 


OUT 


SBOPTA 


SBO PORT A0=0 


POP 


D 


RESTORE IMR 


MOV 


A.D 


SA7 IMR 


OUT 


SBOPTB 


SBO PORT A0=1 


POP 


PSW 


RESTORE PSW 


POP 


H 


RESTORE HL 


POP 


B 


RESTORE BC 


POP 





RESTORE DE 


El 




. RE'ENABLE INTERRUPTS 


RET 




: BACK TO MAIN PROGRAM 



RETURN TO 
MAIN PROGRAM 



Figure 31. SBO Housekeeping 



The SB I sendee rowtine can be simplified somer 
what since it is the bottom priority and no masks 

need to be changed. Figure 32 shows the SBl 
routine. Like the SBO routine, a PCHL instruction 
is used to transfer execution, therefore a separate 
return routine is provided for all SB 1 inputs. 

The above format can be followed for any number 
of inputs up to the limit of 5 12 although once tier 
3 8259s are connected to tier 2 8259s above the 



master 7 input, it becomes necessary to include a 
section of code in the service routine to mask off 
att4 Testore the master lower priority inputs. 

This application has expanded the presentation of 
the cascading of 8259s and explained how to easily 
increase the number of interrupt levels by simply 
increasing the number of 8259s without adding 
additional hardware. 
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SAVE PROCESSOR 
STATUS 



.; REQUIRED 

seit : 



P0LLSB1 



CALCULATE JUMP 
TABLE ADDRESS 



eOTOSEflWICE 
ROUTME 



PUSH 


D 


SAVE DE 


PUSH 


B 


AVEBC 


PUSH 


H 


SXVEHL 


PUSH 


PSW 


SAVE A+FLAGS 


LXI 


H,1220H 


JUMP TABLE START IN Hi. 


MVI 


B, OOH 


CLEAR B 


MVI 


A.OCH 


POLLSBI 


OUT 


SB1PTA 


SB1 PORT A0=0 


IN 


SB1PTA 


GET POLL WORD 


ANI 


07 H 


LIMIT TO 3 BITS 


ADD 


A 


CALCULATE OFFSET 


ADD 


A 




MOV 


C, A 


MOVE OFFSET TO C 


DAD 


B 


HL HAS TABLE ADR 


El 




ENABLE INTERRUPTS 


PCHL 




GO TO SERVICE ROUTINE 



c 



mRET 







NON-SPECIFIC 
EOl SB1 






Rm'ORE PROCESSOR 
STATUS 






RETURN 



SB1RET - DOES CLEAN UP AND EOl FOR ALL SB1 
INTERRUPTS | 



S%|RET: 



.1' sj i^r" 



Dl 




DISABLE INTERRUPTS 


MVI 


A, 20H 


NON-SPECIFIC E0I,SB1 . 


OUT 


SB1PTA 


SB1 PORT A0=0 


POP 


PSW 


RESTORE A-f FLAGS 


POP 


H 


RESTORE HL 


eop 


fi 


RESTORE BC 


M«P' 


6 


RESTORE DE 


El 




RE-ENABLE INTERRUPTS 


RET 




RETURN 



Figure 32. SB1 Housekeeping 



CONCLUSION 

This application note has explaiined the 8259 in 
detail and gives two applications illustrating the 
use of some of the numerous programmable fea- 
tures svailableJ It should be e<i^i^t from these 
discussions that the 8259 is an extremely flexible 
and easily programmed member of the Intel® MCS 
80/85 FaiBily. 'yv-y^iiiiuuf. c> 

8259 DESIGN HINTS 

In Polled Mode, the CPU must write an 0CW3 with 
the P bit set to inform the 8259 that it is being 
poUed. Tie next »D 'actuanir serforms the poll. 
It is truly the Hext RD; a RD to even another de- 



vice will "poll" the 8259. Thus, the polled write 
and poll read must be adjacent in software for the 
9^ t@ s^sate cartectiiy. 

When using cascaded 8259s, the master IRO input 
should not be used as a slave input imless all other 
master inputs (IRl— IR7) contain slaves. This 
restriction arises due to the CAS lines defaulting 
to 000 when valid requests are made on non-slave 
on IRQ and cause it to drive the data bus with a 
CALL address in conflict with the master's CALL 
address. Of course, no conflict ^ctits if ev^ mas- 
ter input contains a slave since each slave then has 
a unique CAS address. 
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the reader with the conceptual and factual tools 
needed to apply the 8275 Progranimabfe 'CRT Con- 
troller and 8279 Programmable Keyboard/Display 
Interface in CRT system design. The 8275 Con- 
troller is designed to interface CRT raster scan dis- 
plays with Injtel® Microcomputer Products. Its 
primary functions include refreshing the CRT 
display by buffering information from display 
memory and generating horizontal and vertical 
timing signals used for CRT synchronization. The 
programmable features of the 8275 allow it to be 
interfaced to almost any raster scan display with a 
minimum of external hardware. In addition, visual 
attribute features allow the implementation of 
specialized graphic display functions and display 
enliaicementg^ operations. The 8279 Keyboard 
Ijalerfcce provides key scanning, debounce, and 
taffering features required for interfacing CRT 
terminal keyboards to the system processor. Two 
key or N-key rollover is provided. The use of these 
devices in a microcomputer based CRT terminal 
yields substantial savings in component count, 
printed circuit board area, and power comaiinp- 
fion. 

The ^pJication note is divided into Uw sections: 

1 . Introduction 

2. CRT System Design Concepts 

3. Component Description • ■ • - . 

4. CRT System Design Exampte 

5. Appendix 

Readm desiring an overview of CRT system design 
should consider reading the first three sections of 
the application note. Individuals requiring an in- 
depth knowledge of CRT system design should 
read the first three sections, then proceed to the 
design example. The design example consists of a 
description of the design of a complete CRT termi- 
nal. Both hardware and software aspects of the- 
design are included. It will be assumed in SectiO®'4 
that the reader is famihar with the 8275, 8279^ wd. 
8257 data sheets, and the operatioln of fte 8ti86A 
microprocessor. 

2. CRT SYSTEM DESIGN CONCEPTS 
2.1 CRTOPE^TION 

In order to fully undeistand the CRT terminal 
design process, it is nece^ary to consider the fun- 
damentals of CRT operation. A typical CRT Moni- 
tor is shown in Figiire 2-1 . The CRT consists of an 



irontal region (screen). A filament contained in 
the harrow cylindrical region (neck) of the CRT 
heats the cathode, causing the cathode to give off 
electrons by thermionic emission. Heating is 
accomplished by applying a low voltage source 
across the filament leads. A high voltage source 
applied between the cathode and the screen elec- 
trode (anode) accelerates the electrons toward the 
screen. The electron beam, upon striking the phos- 
phorescent inner surface of the screen, produces 
light. To control the point at which the beam 
strikes the screen, two primary deflection tech- 
niques are utilized. The first technique, electro- 
magnetic deflection, involves applying a current 
through a deflection coil placed around the neck 
of the CRT. The resulting magnetic field forces the 
electron beam to be deflected in proportion to the 
magnitude of the appUed current. Electrostatic 
deflection involves placing deflection electrodes in 
thte neck of the CRT perpendicular to the electron 
beam. An applied voltage changes the position of 
the bieam accordingly. 

2.2 MONITOR OPERATlOJt 

A CRT monitor consists of a CRT and the elec- 
tronics required for positioning the beam in the 
desired manner. A block diagram of the control 
electronics contained within a typical CRT moni- 
tor is provided in Figure 2-'2. 
■ ■ -.•A ' 

The horizontal oscffla^ is deigned to move the 
electron beam horizontally across the CRT screen 
and then return the beam rapidly to its original 
position. As the beam is moved horizontally, the 
vertical oscillator causes the beam to be deflected 
vertically. The net result of these operations is to 
move the beam in a marmer shown in Figure 2-3. If 
the intensity of the electron beam is modulated in 
a controlled manner as the beam sweeps across the 
screen, it is possible to display pictorial informa- 
tion on the CRT screen surface. It will be assumed 
that the monitor in question will be used for dis- 
playing alphanumeric characters or graphic sym- 
bols. In this case, the electron beam wiU be turned 
on to display a light region orr the screen and 
turned off to display a dark region. Display infor- 
mation appearing at the video input to the CRT is 
applied through the video amplifier to a control 
grid located in the neck of the CRT. The magni- 
tude of the video signal determines whether the 
electron beam will be on or off. 
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Figure 2-1. CRT Monitor 
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Figure 2-3. CRT Monitor Raster 



2.3 CRT TERMINAL DESCRIPTION 

A CRT terffliiial eois^s basically of a CRT moni- 
tor, monitor control electronics, memory for stor- 
ing display information, logic to control informa- 
tion transfer to and from external devices and 
between internal devices, and a keyboard. The 
fundamental operations performed by a CRT 
tenninal consist of the display of information con- 
tained in internal memory on the CRT screen, 
communication with manual data entry devices 
such as keyboards or light pens, and communica- 
• tion with external intelligent devices such as com- 
puters OX data communication terminals. Typical 
CRT t^minal ecfmmunication functions are illus- 
trated in Figure 2-4. 
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2.4 CRT TERMINAL IMPLEMENTATION 

A typical microprocessor-based CRT terminal is 
presented in block diagram form in Figure 2-5. The 
terminal consists of the CRT monitor, monitor 
electronics, memory for storing the information to 
be displayed, a serial communication device, key- 
board, keyboard interface device, CRT controller, 
central processor and associated program memory, 
and a DMA device. The primar>' function of the 
CRT controller is to refresh the display. It does 
this by controlling the periodic transfer of informa- 
tion from display megipiy to the CRT screen. The 
central processor unit (CPU) coordinates the trans- 
fer of information to and from the terminal periph- 
eral devices and external devices. When informa- 
tion from an external device is received by the 
terminal, the central processor performs character 
recognition and handling functions, display, mem- 
ory management functions, and cursor control 
functions. The CPU also interrogates the keyboard 
interface device. If a key depression is detected by 
the keyboard interface device, the CPU responds 
by transmittiRg the ASCII character representing 



the key to the terminal serial output line \ia the 
serial communication device. A direct memory 
access (DMA) device is required in the system to 
effect the necessary memory to.scii^ data trans- 
fer rate. 

The CRT terminal control functions under consid- 
eration may be implemented with LSI devices at a 

considerable cost savings over earlier terminal 
designs using MSI and SSI components. This cost 
savings is complemented by an increase in the nimi- 
ber of features which can be incorporated in termi- 
nal designs. The additional featuresi stftm from the 
programmable nature of the devices. In addition, 
utihzing a microprocessor as the terminal control- 
ler allows considerable intelligence to be built into 
the terminal for decision making, computational, 
and control functions. The design example pre- 
sented in Section 4 of the application ^ote illus- 
trates the use of the 8275 Programmable CRT Con- 
troller and 8279 Keyboard Controller in a typical 
terminal design. In the following section, the 8275 
and 8279 ^ considered in dei*h. 
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3. COMPONENT DESCRlFnON 

3.1 8275 

The blodc dia^am and pin configuratipn for the 
8275 Programmabie CRT Controller .are presented 
in Figure 3-1 The 8275 provides the following 
general capabilities: 

1. CRT Display Refreshing - lU: 8275, having 
been programmed to a specific screen format, 
generates a series of DMA request signals, 
resulting in the transfer of a row of charac- 
ters from display meinory, via the 8257 DMA 
Controller, to the 8275's: row buffers. The 
8275 presents the character codes to an ex- 
ternal character generator ROM. The 8275 
character code outputs CCO— CC6 are used for 
this purpose. External dot timing logic is then 
utilized to transfer the parallel output data 
from the character generator ROM, serially, 
to the video input of the CRT. The character 
rows are displayed on the CRT one hne at a 
time. Line count outputs LCO— LC3 are ap- 
plied to the character generator ROM to per- 
form the line selection function. The display 
process is graphically illustrated in Figure 3-2. 
The entire process is repeated for each display 
row. At the beginning of the last display row, 
the 8275 issues an interrupt via the INT out- 
put line. The 8275 interrupt output will 
nonnally be connected to the intencupt input 
of the system central processor. The intermpt 
causes the CPU to execute an interrupt service 
subroutine. The service subroutine typically 
re-initializes DMA controller parameters for 
the next display refresh cycle, polls the sys- 
tem keyboard controller, and/Ot^i^fxecutes 
other appropriate functions. A b^^ diagram 
of a CRT system implemented with the 8275 
CRT Controller is provided in Figure 3-3. 
Proper CRT refreshing requires that certain 
8275 parameters be programmed prior to the 
beg^nisg of display operation. The 8275 has 
two types of programming registers, the Com- 
mand Registers (CREG) and the Parameter 
Registers (PREG). It also has a» Status Register 
(SREG). The Command Registers may only 
be written to and the Status Registers may 
only be reaii. The 8275 e*fpects te-*eceive a 
command followed by a sequtsttt^ 'Sf from 
to 4 parameters, depending on the command. 
The 8275 instruction set eonsiisis of 8 com- 
mands: 
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In Order to establish the format of the dis- 
play, the 8275 provides a number of user 
progrtmmable display format parameters. Dis- 
play formats having from 1 to 80 characters 
per row, 1 to 64 rows per screen, and from 1 
'■ to 16 horizontal lines per row are available. 

la addition to transferring characters from 
memory to the CRT screen, the 8275 features 
cursor position control. The cursor position 

■ may be programmed, via X and Y cursor posi- 
tion registers, to any character position on the 
display. The user may select from 4 cursor 
formats. Blinking or non-blinking underline 

V and reverse video block cursors are available. 

2. CRT Timing ~ The 8275 provides two timing 
outputs, HRTC and VRTC, which are utUized 
in #ndhronizing CRT horizontal and vertical 
osdllatbts to the 8275 refresh cycle. In addi- 
tion, whenever HRTC or VRTC are active, a 
third timing output, VSP (Video Suppress) is 
true, providing a blanking signal to the dot 
timing logic. The dot timing logic will nor- 
mally inhil?it the video output to the CRT 
dunng the time when video suppress signal 
is true. An additional timing output, LTEN 
(Light Enable) is used to provide the ability 
to force the video output high regardless of 
the state of VSP. This feature is utilized by 
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The HLGT (Highlight) output allows an attri- 
bute function to increase the CRT beam 
intensity to a level greater than normal. The 
I .>i; . fifth tiffljjng signal, RW (Reverse Vi(leo) will, 
wiien enabled, cause the sysstem video output 
to be inverted. 
3. Special Functions — 

VISUAL ATTRIBUTES - Visual attributes 
SBB special codes which, when retrieved 
from display memory by the 8275, affect 
the visual characteristics of a character 
position or field of characters. Two types 
of visual attributes exist, character attri- 
butes and field attributes. . .... 

Character Attribute Codes : GharactSr attri- 
bute codes are codes that can be used to 
generate graphics symbols without the use 
of a character generator. This is accom- 
P>l^he4r.l?y selectively activating the Line 
Attriiltti outputs (LAO-LAI), the Video 
i „^j(iissMon output (VSP), and the Light 

, . Enable output. The dot timing logic uses 
. these signals to generate the proper sym- 
bols. Character attributes can be program- 
med to blink or be highlighted individually. 

. I. Blinking is accomplished with the Video 
Suppression output (VSP). Blink frequency 
is equal to the screen refresh frequency 
divided by 32. Highlighting is accomplished 

ft'> " aefeatlfti the flighl^tioutput (HGLT). 
Character attributes were designed to pro- 
duce the graphic symbols shown in Figure 
3-4. 

Field Attribute Codes : The field attributes 
J •:: I tsodes Which affect the visual 

characteristics for a field of characters, 
starting at the character following the field 
attribute code up to, and including, the 
character which precedes the next field 
"T, ,.«ttrij>iajte;.ci94e, or up.io the end of the 
frame. 

There are six field attributes: ' 

1 . Blink — Characters following the code 
are caused to blink by activating the 
Video Suppression output (VSP). The 

., ' • blink frequency is equal to the screen 
' ■ refresh frequency divided by 32. 

2. Highlight - Characters following the 



3. Reverse Video — Characters following 
the code are caused to appear in re- 
verse video format by activating the 
Reverse Video output (RVV). 

4. Underline — Characters following the 
code are caused to be underlined by 
activating the Light Enable output 
(LTEN). ' 

■ 5. General Purpose — There are two ad- 
ditional 8275 outputs which act as 
general purpose, independently pro- 
grammable field attributes. These at- 
tributes may be used to select colors 
or perform other desired control 
functions. 

The 8275 can be programmed to provide 
visible or invisible field attribute characters 
as shown in Figure 3-5. If the 8275 is pro- 
grammed in the visible field attribute 
mode, all field attribtttes. '^ill ©ccupy a 
position on the screen. THey will appear 
as blanks caused by activation of the 
Video Suppression output (VSP). The 
chosen visual attributes are activated after 
this blanked character. If the 8275 is pro- 
grammed in the invisftofe fifefd attribute 
mode, the 8275 row buffer FIFOs are 
activated. The FIFOs effectively lengthen 
the row buffers by 16 characters, making 
room for up to 16 field attribute charac- 
ters per display row. fte-FWOs are 16 
characters by 7 bits in size. When a field 
attribute is placed in the row buffer during 
DMA, the buffer input controller recog- 
nizes it and places the next character in the 
proper FIFO. When a field attribute is 
placed in the buffer output controller dur- 
ing display, if 'Mtises -the 'd^tfoUer to im- 
mediately put a character from the FIFO 
on the Character Code outputs (CCO— 6). 
The chosen attributes are also activated. 

LIGHT PEN DETECTION - A light pen 
consists fundamentally of a switch and 
Ught sensor. When the light pen is pressed 
against the CRT screen, the switch enables 
the light sensor. When the raster sweep 
coincides with the light sensor position on 
the display, the light pen output is acti- 
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and character position coordinates are 
stored in two 8275 internal registers. These 
registers can be read on command by the 
microprocessor. 

SPECIAL CODES - Four special codes 
may be used to help reduce memory, soft- 
ware, or DMA overhead. These codes are 
placed in character positions in display 
memory. 

1 . End of Row Code — 

Activates VSP. VSP remains active 

until the end of the Une is reached. 
While VSP is active, the screen is 
blanked. 

2. End of Row-Stop DMA Code - 
Causes the DMA Control Logic to 
stop DMA for the rest of the row 
when it is written into the row buffer. 



3. End of Screen Code — 

Activates VSP. VSP remains active 
Ufltil the end of the frame is reached. 

' 4. EM of Screen-Stop DMA Code - 
Causes the DMA Control Logic to 
stop DMA for the rest of the frame 
when it is written into the row buffer. 
It affects the display in the same way 
as the End of Screen Code. 

PROGRAMMABLE DMA BURST CON- 
TROL - The 8275 can be programmed to 
request single byte DMA transfers or DMA 
burst transfers of 2, 4, or 8 characters per 
burst. The interval between bursts is also 
programmable. This allows the user to 
tailor his DMA overhead to fit his system 
needs. 



DATA 
BUS 
BUFFER 



READ/ 
VmiTE/ 
DMA 
CONTROL 
LOGIC 



CHAKACTtn 

COUNTER 



BUFFEF 
INPUT 
CON- 
TROLLED 



BUFFER 
OUTPUT 

CON- 
TROLLER 



lOI 



RASTER TIMING 
AND 
VIDEO 
CONTROL 



PINCONFIOURATION 





LC3 C 


1 


40 


2 vcc 




LCz C 


2 


39 


1 LAO 




LCl C 


3 


38 


D LAl 


CCo.6 


LCo C 
DRQ C 


4 

6 


37 
36 


3 LTEN 
3 RW 




BSCR C 


6 


35 


3 VSP 




HRTC C 




34 


2 OPAi 




VRTC C 


8 


33 


3 GPAo 




KB C 


9 


32 


D HLOT 




WB C 


10 8275 


31 


□ IRQ 




LPEN C 


11 


30 


CCLK 




OBo C 


12 


29 


□ CCb 




DBi C 


13 


28 


□ CC5 




DB2 Z 


14 


27 


J CC4 


LAo-i 
HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 


DB3 C 


15 


26 


D CC3 


DB4 C 

DBS C 
DBS C 


16 

17 
18 


25 
24 

23 


1 CC2 
D CCi 

D CCo 


QPAj., 


DB7 C 


19 


22 


3 5 




OND C 


20 


21 


D AO 



Figure 3-1. &27S Bltek Diagram/Pin' Configuration 
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Figure 3-2. 8275 Row Display 
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Figure 3-3. CRT System Block Diagram . 
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Character attributes were designed to produce the following graphics: 
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"Character Attribute Code 1011 te not recdmmend^ f©r 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. .. 



Character Attribute Codes 1 101, 1 110, and 1 1 1 1 are ille 
Blinking is active when B = 1 . 
Highjight is active when H = 1. 
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EXAMPLE OF THE VISIBLE FIELD ATTRIBUTE MODE 
(UNDERLINE ATTRIBUTE) 

' ■ Figure 3-5. Field Attribute Examples 



EXAMPLE OF THE INVISIBLE FIELD ATTRIBUTE MODE 
(UNDERLINE ATTRIBUTE) 



3.2 8279 ' 

The 8279 Programmable Keyboard/Display Inter- 
face block diagram and pin configuration are 
shown in Figure 3-6. Th« 8279 will be utilized in 
the CRT design example for performing keyboard 
scanning, key debounce, and data bus interface 
functions. associated with these 



functions will be described in this section. The 
reader is referred to the 8279 data sheet for infor- 
mation on display control, sensor matrix mode 
operation, and strobed input mode operation. A 
detailed description of the 8279 keyboard scan- 
ning, debounce, and data bus interface functions 
follows. 
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Figure 3-6. 8279 Pin Configuration and Block Diagram 
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The primary functions of the 8279 in the CRT sys- 
tem application include scanning the 64 key key- 
board, determining if a key has been depressed, 
and, when polled by the system processor, trans- 
mitting the address of the key in the keyboard 
matrix to the master processor. Alternately, the in- 
terrupt line from the 8279 may be used to inform 
the CPU of a key depression. A block diagram of 
the 8279 interface, as implemented in the CRT sys- 
tem design exaifnple, is provided iii Fagw 3-7. The 
keyboard controller initiates the ke^ftKaard scan- 
ning process by transmitting keyboard scan line 
selection information over output lines SLq— SL2. 
The data may be encoded or decoded depending 
on the mode programmed. Assuming encoded 
mode is selected, the SLq— SL2 lines are connected 
to the input of a 3-line to 8-line decoder as shown 
in Figure 3-7. The decoder outputs are connected 
to the keyboard row inputs. Only one decoder 
output will be enabled for a given set of input con- 
ditions. The keyboard column outputs are con- 
nected to the 8279 return line inputs RLq— RL7. 
The eight return lines are buffered and latched by 
the 8279. These lines are scanned by the internal 
logic of the 8279, looking for a key depression in 
the selected row. If the debounce circuit detects a 
key depression, it waits approximately 10 ms to 
determine if the key remains down. If it does, the 
address of the key in the matrix plus the status of 
the shift and control hnes are transferred to the 
8279 FIFO. The FIFO data format is shown in Fig- 
ure 3-8. The FIFO will hold up to eight data'bytes; 
that isj up to eight key depressions may occur prior 
to a CPtJ initiated read operation. T^e number of 
characters entered into the FIFO is indicated by 
the character count contained wirhin the FIFO 
status word. When a key depression is detected, the 
8279 interrupt line goes high, and the FIFO status 
I is modified to reflect the number of characters 
contained in the FIFO. The CPU'ma'y determine 
the occurrence of a key depressioti'in one of two 
ways: The 8279 interrupt line may be connected 
to the interrupt input line of the CPU, forcing the 
CPU to call an interrupt service routine which 
reads the FIFO character. An alternate approach 
requires' the CPU to JjeriodicaHy pell the'%79, 
reading the FIFO status word. If the FIFO charac- 
ter count is non-zero, indicating that at least one 
character is present in the FIFO, the CPU then 
reads the FIFO contents. This approach will be 
uti&ed ill the "CRT design example.' ■A'tead dpei^-' 
tion places the contents of the FlPO-on tJite systeWl 
data bus and decrements the FIFO character 



count, contained within the FIFO status word, by 
one. ■ ■• 
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Figure 3-7. 8279 Interface 
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Figure 3-8. Fl FO Data Byte Format 



4. CRT SYSTEM DESIGN EXAMPLE 

4.1 SCOPE OF THE PROJECT 

A fully operational, microcomputer-based CRT 
terminal was designed and constructed utilizing the 
8275 CRT Controller and 8279 Keyboard Control- 
ler as the basic system elements. The terminal 
incorporates the rnajofity of the functions found in 
existing dedicated computer terminals. An Intel® 
8080A microprocessor was utihzed as the CPU in 
the design. The recently announced Intel® 8085 
microprocessor constitutes an ideal processor for 
futufie 'CRT terminal ■ designs. LSI deviees were 
utilized in the design whenever possible ifi order to 
minimize component count. 
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The specifications for the CRT temiMl Mpi 
as follows: 



I^ptay Format 

• 80 characters/cU^laypW 

• 25 display rows 
Character Format (Figure 4-1) 

• 5X7 character contained within a 7X10 
matrix, 1st and 10th Unes blanked, 1st and 
7th c^ltttnns blanked, 9th line ciusor posi- 
tion, blinking underline cursor. ^ 

Characters Recognized 



1 



• iMisplayable ch^ctew if "ASCai upper- 
case alphanumeric charaWB; f 

• Control characters: 

I -tte© feed, Coatr®! I - 

j , Carriage return, Control 

Back space, Control H 

• Escape Sequences: 

Cursor up, ESC, A 
Cursor d6WftfMC, B- ' 
Cursor right, ESC, C 
Cursor left, ESC, D 
Clear screen, ESC, E 
Home, ESC, H 
Erase to 

Erase linej^Ep^JC 
Characters Transtitftte^ " , 

• 64 AS€lTiipper-c^ lApki^m^nc charac- 
ters 

• ASCII Control Character set 

• ASCII Escape Sequence set 

Program Memory i: migiH 

• 2K bytes, 2716 EPROM 
Display /Buffer/Stack Memory 

. 2K bytfeSi 21 14 static RAM 
Data Rate 

. 4800 BAUD maximum using 8080A 

. Ball Bros TV-12, 12 MHz B.W. 
Keyboard 

• Microswitch liall ifffect keyboard, open col- 
lector outputs ■ - ■ ■ 

Scrolling Capability 

• Scroll up feature implemented with 8257 
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4.3 SYSTEM HARDWARE DESIGN 

4.3.1 General Considerations 

A block diagram of the CRT terminal is presented 
in Figure 4-2. The diagram includes only essential 
system features. A detailed schematic of the CRT 
terminal is contained in the appendix. The tenninal 
was constructed using an latfel® SDK-SO micro- 
computer kit and an Intel® SSC^CiS prototyping 
board. The standard 8080 bus structure Lncorpo- 
raited in the SDK-80 kit allowed the CRT terminal 
to be implemented with minimum buffetfiig.' " 

In the ensuing discussion of CRT terminal opera- 
tion, it will be assumed that the terminal normally 
communicates with a remote device, such as an 
Intel® MDS microcomputer developipent system. 
Communication will take place-in the full duplex 
mode. The CRT terminal, upon transmitting a 
character to the remote device, will remain idle 
until a character is received from the external 
device. Transmission of a character to the remote 
device is initiated by dei^essinf « key oa tiie key- 
board. Character transmission to the CRT terminal 
from the remote device is assumed to be asynchro- 
nous with respect to tenninal operatjoai, ., , 
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Figure 4-2. CRT Terminal Block Diagram 



4.3.2 Operation 

The 8080A CPU initializes each peripheral to the 
appropriate mode of operation following system 
reset. Upon receiving a character from a remote 
device, the 825 1 USART issues an interrupt to the 
CPU. The CPU calls the interrupt service subrou- 
tine, which polls both the 8275 and 825 1 to deter- 
mine the source of the interrupt. Having deter- 
mined that the 8251 issued the interrupt, the CPU 
calls the READ/STORE USART character subrou- 
tine, reads the USART character, anA stmes the 
character in buffer memory. The Gharacteripeeogni- 
tion subroutine is called next. This routine deter- 
mines whether the character is a displayable char- 
acter, a control character, or a character in an 
escape sequence. Assuming the character is a dis- 
playable character, the CPU places the character in 



display memory at the location corresponding to 
the_ present cursor position, advances the cursor, 
ffl^iftfies the display memory pointers, and, if 

required, performs the operations necessary for 
scrolUng. If the received character is a control 
character or escape sequence character requiring 
cursor and display memory pointer changes, these 
fuitctionis are carried out. Escape sequences which 
involve erasing a portion of the display are also 
handled via the appropriate subroutines. 

In order to place characters contained in display 
memory on the CRT display screen, the 8275 CRT 
Controller must first transfer the display characters, 
via the 8257 DMA Controller, to the 8275's row 
buffers. It should be noted that the 8257 DMA 
ControUer is required to achieve the data transfer 



ters are then transferred from the 8275 row buffers 
to the ■«har«cter code outputs CCO— CCS. The 
character code outputs are applied to the character 
generator address lines A3— A8 (Figure 4-3). Line 
count outputs LCO— LC2 from the 8275 are 
applied to character generator address lines 
A0-A2. It should be noted that the 8275 displays 
dmact&T rows one line at a time. The hne count 
outputs are utihzed to determine which hne of the 
character selected by A3— A8 Will be displayed. 
Following the transfer of the first line to the dot 
timing logic, the line count is incremented and the 
second line of the character row is selected. The 
process continues until the last line of the row 
under considemtion is transferred to the dot timing 
logic. 

The dot timing logic latches the 6-bit character 
code and 3-%rt Tine count from the 8275 on 
positive tr^i^poas of the character clock and 
transfers this information to the character genera- 
tor ROM. In systems requiring a greater number of 
lines/character, the fourth line count output would 
also be used. The 7-bit ROM output corresponds to 
the 7 dots which make up a hne segment for a 
particular character. The R6M output is loaded 
into a parallel input-^rial output shift register. The 
shift register is clocked at the dot clock rate (1 1.34 
MHz) continuously. The shift register output con- 
stitutes the video input to the CRT. The character 
code outituts select the character to be displayed at 
a given character position in the display row. The 
character set consists of 2*=64 ASCII upper case 
alphanumeric characters. 

The row by row transfer of character data from 
display memory to the 8275 continues until the 
beginning of the last display row. At this time 
the 8275 issues an interrupt to the CPU. The CPU 
polls both the 8275 and 8251. Having determined 
that the interrupt originated with the 8275, the 
CPU calls the 8275 interrupt subroutine. The 8275 
intem4pt subroutine re-initializes the 8257 DMA 
Controller starting address and terminal count 
parameters and polls the 8279 Keyboard Control- 
ler to determine if a key depression has occurred. 
If a key has been depressed, the CPU reads the key 
position data from the 8279, performs a table 
lookup, and transmits the appropriate ASCII char- 
acter to the CRT data output via the 825 1 USART. 
It shpidd be noted that interrupts are generated by 
toe 8^^.evi^ 1'Sj67 tns for a 60 Hz screen refresh 
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Figure 4-3. Character Generator/Dot Timing Logic 
Block Diagram 



4.3.3 System Timing 

The CRT terminal display raster is shown in Figure 
4-4. It can be seen from the figure that a display 
row is composed of 1 lines. The Total Line Time 
consists of the display portion of the line plus the 
Horizontal Blanking Time. Row Time is equal to 
the number of lines per row multiplied by the 
Total Line Time. The Total Screen Time (1 /Re- 
fresh Rate) is equal to the Row Tijne multiphed 
by the number of display rows plus fhe Row Time 
intervals associated with vertical blanking. Speci- 
fications for the BALL BROS, monitor show that 
there are constraints on tlie Vertical Blanking Time, 
Horizontal Blanking Time, and Horizontal Oscil- 
lator Repetition Rate. These constraints are sum- 
marized in Table 4-1. 



\ TOTAL LINE TIME 

= LINE (DISPLAY) * 
' HORIZRET 





Figura 4-4. CRT D%l«y I 



2-132 



Table 4-1 







Vertical Blanking Time 

(VRTC) 
Vertical Drive Pulsewidth 

Horizontal Blanl<ing Time 
(HRTC) 

Horizontal Orfvd Putsewidth 

Horizontal Repetition Rate 


900 ^sec nominal 

300 Msec <PW< 1.4 ms 
11 nominal 

25 Msec < PW< 30 Msec 
15,750 ±500 pps 



Given the constraints in Table 4-1 and the Refresh 
Rate specification of 60 Hz, the Vertical Retrace; 

Row Count and Horizontal Retrace Character ^ 
Count parameters required by the 8275 CRT Con-' 
troEer may be calculated: 



total Sde&i time 

• 1 



1 



1 



Refresh rate 
0.61667 sec 



60 Hz 



Also, 

Total Screen Time = (Row Time) (# of Display Rows) 
4- ■{^ertlcal Blankftg Time (VRTC) 

Vertical Blanking Time (VRTC) must be an inte- 
gral number of Row Times (between 1 and 4). 

Therefore, 

0.016667 sec = (Row Time) (25) + VRTC 

= (Row Time) (25) + N (Row Time) 

If N is selected to be 2, the follovKing result is 
obtained: 

Rt«wttoie = 6.17284 X lO^ sa: 

Therefore^ ,i -ji , . 

VRTC = (2)(Row Time) = 12.3457 X lO'^ sec 

= 1.2545Tms • ' ' • 

Since the Vertical Blanking Time, nominally 900 
jusec, falls within the constraints for the Vertical 
Drive PnbewMth, the VRTC oufl»ut fiWm mt 8275 
may be used directly for the Vertical Drive Pulse. 
The 8275 will be programmed for a Vertical Re- 
trace Rew Count of 2. 

W order to calculate the Horizontal Retrace Chart 
acter Count, it is necessary to consider the row %t- 



mat as defined in the specifications. Figure 4-5 
shows three adjacent characters in a row. The row, 
as shown, is composed of 10 Lines/Row and 7 
Dots/Line/Character. Given that the Row Time is 
617.284 jusec, the Total Line Time may be calcu- 
lated as follows: 



TotalliaeTime 



Row Time 

# Lines/Row 

617.284 X 10-6sec 
10 

61.7284 X 10-6 sec 
61.7284 Msec 



The' Total Line Time is composed of the display 
pWffiow ^of the fine plus the Horizontal Blanking 
Tlrhe (HRTC). 

Total Line Time = 61.7284 X lO'^ sec 

= 80 (Cl^^^Ll!!I!e) + hrtC 

Horizontal Blanking Time (HRTC) must be an 

integral number of Character Times/Line. 

Then 



61.7284 X 10-6 sec = 80 (OH^lTime) 

^ / Character Time \ 
' line 



If M is selected to be 20, the following result is 
obtained: 

/' Character Time \ ^ 61.7284 X lO'^ 
V line / 80 + 20 

= 6.1728 X 10-'' sec 

= 617.284 ns 

This value defines the period of the 8275 charac- 
ter clock. 
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The Horizontal Blanking Time <HRTC) is calcu- 
lated as follows: : ; . 

HRTC = 20 (617.284 ns) 

= 12,3456 jtisec (nominal valus 1 1 ^sec) 

The 8275 will be programmed for a Horizontal 
Retrace Chafactfer Count of 20. Since the speafiea- 
tions call for a Horizontal Drive Pulsewidth of 25— 
30 /isec, an external oneshot is required. The one- 
shot is triggered by the leading edge of HRTC. 

Using the value for the Character Time/Line, the 
Dot Clock Rate may be established. It should be 
noted that the clock is used to shift data from the 
parallel in-ser;al put shift register (contained in the 
dot timing Iqg^itji^l^tiCRT video input> The sys- 
tem character dock is also derived ffonijjl^? Q^tj 
Qock. 

The dot clock is calctilaMI as fiil5wS: ' ' ' 



/DotTimeX ( Character Time X 
^ line ) = \r~^. 



acter 



a 8J183X 10-8 sec 

/'aril 1 ' : 



Dot Clock Frequency = 



1 



11.34 MHz 



Dot Time 
Line 



The Horizontal Oscillator Repetition Rate may be 
oalcrijaM as f Amvs: 

~ STtos^^" ' 61 .7284 X i0-6sec 



This value falls within the system specification of 
15,7S0-±5Q04pffe — 

4.3.4 Dot Timing Logic 

The primary function of the dot timing logic, illus- 
trated in Figure 4-6, is to transfer the output of the 
character generator ROM to the video input of the 
CRT. Due to the high data transfer rate (11.34 
MHz), logic external to the 8275 is required for 
this function. The data transfer operation is 
accomplished as follows: The character generator 



ROM output is appHed to the parallel input Unes of 
the 74166 shift register, the shift register is loaded, 
synchronously with respect to ffi@rfiadtive>-going j 
edge of the character clock, arid dlta is clocked otlt| 
of the 74166 serial input at^ffie dot clock fre-' 
quency. The 74166 output is applied, through 
appropriate gating logic, to the CRT video input. 
In addition to the previously described functions, 
the dot timing logic provides the timing signals 
required for transferring characters from the 8275 
character code and line count outputs to the char- 
acter generator ROM, implements the video sup- 
press and light enable gating functions, and gener- 
ates the system dot and character clocks. 

In order to understand the dot timing logic design 
process, it is necessary to refer to Figure 4-6 and! 
Figure 4-7. 

It can be seen from the timing waveforms of Fig- 
ure 4-7 that the character code output from the 
8275 Mril be valid 150 ns (worst case) after the 
negative-going edge of the character clock. The 
character generator ROM output will be valid, 
assuming a direct connection between the 8275 
and the ROM, 450 ns (worst case) after the charac- 
ter code appears at the address inputs. Total delay 
from the negative-going edge of the character clock 
until ROM output data becomes available is then 
600 ns. Given the character clock width of 617 ns 
and external logic propagation delays and setup 
times, it becomes difficult to latch the ROM out- 
put for the first display character during the first 
character clock period. In order to alleviate this 
situation, a data pipelining technique is utilized. 
The timing for this technique is shown in Figure 
4-7. A latch, introduced between the 8275 and the 
character generator ROM as shown in Figure 4-6, 
samples character code and line count data from 
the 8275 1/2 dot clock (45 ns) after the positive- 
going edge of the character clock. Data from the 
latch is applied to the character ginetafesr ,RjOM 
address lines yielding, after a 450 ns delay (worst 
case), the appropriate 7-bit code -St tW HOM 
output. ROM data is loaded into the 74166 shift 
register on the next positive-going edge of the 
character clock. This technique effectively delays 
ttie video output from the shift register by 154 
character clocks, but eliminates the difficulties in 
sampling the ROM data within the first character 
clock period. Due to the video delay associated 
with this technique, it is also necessary to delay all 
signals affecting the video output and CRT timing. 
These signals include HRTC, VRTC, VSP, and 



24n 



LTEN. The delay is accomplished u^ing a two-stape 
shift register constructed with edge triggered Dilto- p 
flops (74H5). system dot dock 01434 Jlffib) I 
is obtained by dMdingthe 22.68 MHz ou^p^ frtfflf^ 
the 8224 clock generator by two. The dot clock is 
utilized to clock the 74166 output shift register 



and is divided by 7, using a 74S163 counter, to 
produce the system character clock. It should be 
^ofid that; tkk USB of a bipolar character generator 
fRpSIt met as the Intel® 3604 or 3608 will reduce 
Uie extbrnal dot timing logic package count due to 
the reduced access time. 
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Figure 4-7. CRT System Timing 



4.3.5 Keyboard Int^ice Design 

The keyboard interface, Figure 4-S, consists of the 
8279 Keyboard Controller and the decoding logic 
necessary for scanning the keyboard matrix. The 
8279 SLq— SL2 output lines are decoded by the 
74S138 decoder. The eight output lines from the 
decoder select 1 of 8 keyboard matrix rows for 
testing by the 8279. The keyboard matrix column 
output lines are connected to the 8279 return 
lines, RLq— RL7. Open collector outputs presented 
by individual keys within the matrix eliminate the 
need for isolation diodes when two keys in a given 
column are depre^ed. TwOrJcey rollover was 
chosen as the operating mode for the 8279. 

4.3.6 System Memory Design 

The system memory^ illustrated in Figure 4-9, con- 
sists of one 27 1 6 ffl%bM used for program storage 
and four 2114 RAMs used for display memory, 
buffer memory, and system stack. The 2114 4K 
static RAM was chosen for the design because of 
its IK X 4 organization, ease of use, and availabil- 
ity. Buffering betvw^en RAM memory and the 
system data bus w3g4Wed40L mislinize bus loadings 
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Figure 4-9. System Memory 



4.4 SYSTEM SOFTWARE DESIGN 

4.4.1 General Considerations 

The approach taken in presenting the system soft- 
ware design is as follows; First, the software devel- 
opment process wUI be outlined. A discussion of 
system softwa^ operation will liien be undertaken. 
Software operation will be followed by a detailed 
presentation of system subroutines. 

4.4.2 Software Development 

Software development was accomplished using the 
following tools: 

I.Intel® ,MDS microcomputer development 
system 

2. Intel® dual floppy disc system 

3. Intel® ICE-80 In-Circuit Emulator 

4. Intel® ISIS II disc operating system 

The MDS was utilized in conjunction with the dud 
floppy disc system for program editing, assembly, 
relocation, and loading functions. 



The ICE module was used extensively for loading 
astembled routines into the prototype system 

■;_] RAM and debugging program errors. While in the 
emulation mode, the ICE processor controlled the 

^ operation of the CRT system. During debugging, 
emulation proceeded normally until certain user 
specified break conditions occurred, at which time 
ICE entered the interrogation mode. During inter- 
rogation mode all processor functions, including 
DMA, ceased, allowing the user to access and dis- 
play CPU register contents, status, and up to 44 
prs^ous machine cycles, system memory contents, 
afld I/O device data. 

4.4.3 Operation 

The fundamental operations performed by the 
CRT system software are presented in Figure 4-10. 
Extensive use of subroutines in implementing 
major software functions resulted in readily under- 
standable software. Debugging operations were also 
simplified as a result of the software structure. At 
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system reset, central processor interrupt system 
is disabled, the program counter is set to zero, and 
peripheral reset functions are carried out. Follow- 
ing reset, the system software initializes all periph- 
erals, clears buffer memory, initializes special 
buffer tecatwiii^ fills display memory with space 
codes, and enables interrupts. The processor then 
loops until an interrupt arrives from the 8275 or 
8251. When the processor detects the occurrence 
of an interrupt, the instruction being executed is 
completed, an RST 7 vector is placed on the sys- 
tem data bus, and the RST 7 call instruction is 
executed, forcing a jump to the starting address of 
the 8275/8251 interrupt polling routine. Once the 
polling routine estabUshes the source of the inter- 
rupt, program flow continues along one of the two 
possible paths shown in Figure 4-10. An 8275 
interrupt causes the 8257 DMA Controller to be re- 
initialized, the 8279 Keyboard Controller to be 
serviced, and, if a key depression has occurred, a 
character to be transmitted to the terminal output. 
An interrupt from the 8251 will first cause the 
^AJtl* ckwaetsr to be read and stored in mem- 



ory. The system sedtwaie then examine tlie char- 
acter to determine whether it is a displayable 
character, a control code, or the first or second 

character in an escape sequence. After determining 
the nature of the character, an appropriate subrou- 
tine is called. Following the completion of the 
routines associated with an 8275/8251 interrupt, 
interrupts are re-enabled and a return instruction 
executed. The CPU then loops until the receipt of 
an interrupt. In order to appreciate the operation 
of the system software in detail, it is necessary to 
consider the following items: 

1 . System memory organization. 

2. The relationship between character position 
on the screen and screen pointers Row Count, 
Column Count, and memory pointer Top. 

3. The relationship between memory pointers 
Row Count, Column Count and the 8275 
cursor X and Y position registers. 

4. ScroUing concepts, including the relation 
between scrolling, display memory, and the 
memory pointer Top. 
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Figure 4-10. CRT Software Operations 



System Memory Organization 

System memory organization is shown in Figure 
4-11. It should be noted that an additional 2K 
block of RAM was utihzed for program memory 
(rather than PROM) djtring the spftware develop- 
ment/debug pliase ofisystem desi^. 
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Figure 4-11. System MemoryjQrganaation 



Omracta'Positkm/SereeH Pointer Rekaiewt^ 

To define the location of a ehaiai^r on flie 
screen, two pointers, Row Count and Column 
Count, were created in memory. The relationship 
between character location on the screen and the 
two pointers is illustrated in Figure 4-12. ROw 
Count and Column Count are stored in memory 
locations RCTAD and CCTAD, tespeeMvely. Row 
Count represents the position of the first character 
in a given row. For the first row, Row Count = 
OOOOH. For the second row. Row Count = 0050H. 
Column Count represents the specific column in 
which the character is located. Character position 
on the screen may be calculated by ad(jing the 
Row Count to the Column Q)unt; e.g., the W^i* 
lighted character in Figure 4-J2 located ..at 
AOH + 03H = ASH. 
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Figure 4-12. Character Location/Pointer Relationsliip 



Memory Pointer/8275 Cursor Position Register 
Relationship 

It was necessary to establish a relationship between 
Row Count and Column Count pointers and the 

8275 Cursor X and Y Position registers for the 
cursor generated by the 8275 to be loaded at the 
appropriate position on the screen. This relation- 
ship is summarized in Table 4-2. 

The value transferred to the 8275 for the Cursor X 
Position is identical to the Column Count. A new 
parameter, Cursor Y Position, stored at memory 
location CURSY, was also established. For a given 
Row Count value, a value for Cursor Y Position is 
defined. Tim value is transferred to the 8275 
Cursor Y Postttion register. 

It is nece^ary to introduce an additional param- 
eter, Topi which will be used in conjunction with 
Row Count and Column Count to determine the 
location in display memory at which an incoming 

display character will be stored. The location at 
which a given character will be stored (assuming no 
more than 2000 characters have been entered since 
initialization) is calculated by adding TOP + Row 
Count + Column Count, where TOP is assumed to 
be 8000H, the starting location of display memory 
shown in Figure 4-11. Following system initiahza- 
tion, characters will be entered in display memory 
starting at memory location 8000H. The 2000th 
diaiaGtear will be entered at location 87GFH. Upon 
enterinig &e 2001st character, a scrolling condition 
exists and TOP will be modified to point to mem- 
ory address 8050H. An in-depth discussion of 
scrolling is presented in the next section. 



2-139 



Table 4-2 

SCRGEM POllVITER/8275 CURSOR X,Y POSITION REGISTER RELATIONSHIP 



ROW 


VALUE 


REGISTER VALUE 


COLUMN 


r^ni iiMM pni imt 
VALUE 


REGISTER VALUE 


1 


OOOOH 


OOH 


1 


OOH 


OOH 


2 


C08OH 


01H 


2 


01H 


01H 


3 


OOAOH 


02H 


3 


02H 


02H 


4 


OOFOH 


03H 


4 


03H 


03H 


25 


07801N = 1920D 


18H = 24D 


80 


4FH = 79D 


'4FH = 79D 



ScroBbm 

Scrolling is implemented in the CRT system design 
by shifting the entire display up by 1 row when a 
scroUing condition occurs. Scrolling will occur 
when certain cursor manipulation functions are 
exercised or when a character is entered in the last 
CRT display position, ifidicafeig' a full memory 
page condiM6ja--#xists. Character entry will be used 
as the vehictftdf' explaining scrolling in the follow- 
ing discussion. ■ > 

Characters are normally entered sequentially in 
display memory. When the 2000th character has 
been entered, display memory^ capacity has been 
attained; i.e., a full page condition exists. At this 
point, scroUing will take place. For scrolling to 
take place, DMA channel 2, the channel used to 
extract characters from display jtnemoTy, must be 
re-initializ«i tb to appropriate starting address 
and terminal count values. The memory pointer 
TOP will be used to establish the starting address 
for channel 2. Prior to scrolling, TOP = 8000H. the 
starting address of display memory. Each scrolling 
operation causes SOD (50H) to be added to TOP, 
moving the poijiter, as shown in Figure 4-13b, to 
the beginning of the f ollbwing row in display mem- 
ory. It should be recalled that TOP. in conjunction 
with Row Count and Column Count determines the 
insertion address for incoming display characters. 
The net effect of modifying TOP is to shift the 
information being displayed oMihe CRT up by 1 
T<jfw; i.e., scsdlitig Is accomplished. Mor to scroll- 



ing, the terminal count value for DMA channel 2 
is equal in magnitude to the display memory length 
-1 or 87CFH - 8000H. The actual Value sent to 

the terminal count register is 87CFH - 8000H + 
8000H. The addition of 8000H sets bit 14 in the 
terminal count register to a 1, indicating a DMA 
read operation. If scroUing is to be implemented, 
the terminal count value must be modified to 
87CFH - TOP + 8000H. Characters transferred by 
channel 2 include those characters located from 
the address specified by TOP to tlie end of display 
memory. In order to transfer the characters from 
the beginning of display memory through the 
address immediately prior to TOP, the autoload 
feature of the 8257 DMA controller is utiUzed. 
When DMA channel 2 reaches terminal count, fol- 
lowing the transfer of characters from TOP to the 
end of display memory, the starting address and 
terminal count parameters stored m the DMA 
channel 3 registers are loaded into channel 2. DMA 
operations resume in channel 2 using the channel 3 
parameters. To accomplish the desired channel 3 
operations, it is only necessary to re-initialize the 
channel 3 starting address to the beginning address 
of display memory, and the tetntosd c®unt.' Vislue 
to 87CFH, the maximum terminal count for a 
2000-byte display memory space. These processes 
are performed during DMA re-initialization follow- 
ing an 8275 interrupt. New text entry following 
scrolling is illustrated in Figure 4-13. BOTTOM, a 
parameter corresponding to the address of the first 
diaracter in the last row to be dismayed, is utilized 
during clear to end of screen operations. 
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DISPLAY MEMORY MAP 



DMA STARTINO ADDRESSES DMA TERMINAL CX)UNT 



CH 3- a 



MEMORY LOCATION 
8000H 



DURING FIRST 
PAGE 
CH 2. CH 3 
PARAMETERS 
ARE EQUAL 




MEMORY 
(.OCATiON 



LOCATtON 
STSOH 



CH 2 - 8TCFH-TOPt«000H 
CH3-87CF 

MEMORY LOCATION 
8000H 



90TT0M 
CH98TANT^ 

MSNORY 
LOCATtON 




NEW TEXT 



U AFTER UISCROLLINSOKRATIQN 



CH38TARTADC)» 

BOTTOM ^ 

TOP _ 
CH2 START ADD 
MEMORY 
LOCATION 
6QA0H 



NEW TEXT 



BOTTOM 

TOP - 
MEMORY 
LOCATION 
80FQM 



NEW TEXT 
" INSERTED HERE 



el AFTER 2ni SCROLLlNp OBfejfiaS 



TOP 
MEMORY 
LOCATION 
ETSOH 



NEW TEXT 
INSERTED HERE 



«) AFTER 2MISCR0LLIN6 
OPERATION 



dl AFTER 3rd SCROLLING OPERATION 
MEMORY LOCATION 
8000H 



CH^CHS 
PARAMETERS 
EQUAL 



BOTTOM — 




NEW TEXT 
"inserted HERE 



» AFTHI»l>9Ci»t,lUI9aWRATI(in 



Figure 4-ia IMta«wM(WlputMl«plMkMhi(^^ 



4.4.4 System Sulxroatiiies 

System InitiMzation Routine fCRTGO) 

The system initialization routire, Figure 4-14, 
establishes a starting point for system operation. 
The 8251 US ART is initialized to transmit to and 
receive characters from an external device. The 
8279 Keyboard Controller, at system reset, comes 
up in the two-key rollover mode. It is therefore 
only necessary to set up the Keyboard Controller 
internal operating frequency during initialization. 
Assuming a desired internal operating frequency of 
approximately 100" kHz and a '2;04g Mlflz system 
clock, the frequency divider chain is programmed 
to divide by 21. The 8275 initialization parameters 
are determined from the original CRT system 
specifications and vertical retrace Row Count/ 
Horizontal Retrace Character Count calculations 
piewiouisly! fieifonned. Hie delayed, line number 
feature allows the use ^nly 3 Wmeaunt outputs 



to determine whl* of 10 poa&ii #1^ a charao- 

ter row will be displayed. Given that the underline 
placement position is set to the ninth row, the top 
and bottom lines of the character are automatically 
blanked, leaviiig, effectively, J8 ^|j^ue lines for 
display. 1^ 1^75 cursor pmiimmmslms are 
mU^ei U vm, tmms t^-^cuii^ ^ the npfm 
left-'hand comer of the display. f%eTp*««et counters 
command resets all 8275 counters to zero and 
stops the 8275 counters until another command is 
issued. The 8275 i« then staled by a start display 
cQmmand. An iotemipt wiH be i;ipecA^4 bom the 
tt75 a^pfoxi^tely IS ms iati^. fiilMMpte are 
enabled following the 8275 start command. Inter- 
rupts were disabled prior to this time to insure that 
the central processor did not react to erroneous 
interrupts from the 8275 generated prior to 8275 
initialization. The processor, following im^^i^^r 
tion, waits in a loop until the arnyajj^f^^^f^tasnifiit 
fioia tlK 8275 oi 8251. 



CLEAR PiSPLAV MEMORY 



INITIALIZE BUFFER MEMORY 



OUTPUT MODE SET 
COMMAND TO 8251 
» 8 BIT DATA CHARACTER 
I e4X BAUD RATE FACTOR 
>^ nUtlTV pISMLED 
I ISTOPWT 



» RECEIVE ENABLED 
^ TRANSMIT ENABLED 
I OfR FORCED.TO Z^BO 
i. IttS FORCED TO ZCRO 



CLEAR/INITMH.1;):^ 
WEMOBly 



8261 INITIALIZATION 



Interrupt PoUing SubfoMne (PM) 

The interrupt polling subroutine, Figure 4-15, tests 
to determine the source of the interrupt. If the 
interrupt originated with the 8275, the §275 inter- 
rupt service subroutine is called. Following comple- 
tion of the subroutine, interrupts are re-enabled, 
and a return executed. An interrupt issued from 
the 8251 forces subroutine calls to the read/store 
USART character subroutine and the character 
recQgnitio^i/handling subroutine. Interrupts are 
re^abled at the coni^leticm of character 
recQgnition/biuidlmg f^Une^ A return operation 
follows. 



OUTPUT PROGRAM CLOCK 
eOMWAND TO 8279 

rimrwewirsi 



9IZn INITtALIZATION 



OUTPUT SCREEN PARAMETERS 
TO 8275 (4 BYTES) 

• 40 HORIZONTAL CHAR/ROW 

• 2S VERTICAL flOWSACREEN 

• 2 VERTICAL RETRACE ROWS 

• 10 VERTICAL LINES/ROW 

• UNDERLINE PLACEMENT 
IN 9th ROW 

• 20 HORIZONTAL RETRACE 
CHARACTERS 

• CURSOR FORMAT 
BLINKING UNDERLINE 

• FIFO DISABLED 

V pfLAVeOUWE*eiVAB^ED 



OUTPUT LOAD CURSOR 
POSITION CCHMWAND TO 8275 



CXITWJT CMRSpR X PORTION 



OUTPUT CURSOR V POSITION 
TOa275, V-0 



OUTPUT PRESET COUNTERS 
COMMAND TO 8275 



%^ J 



B275 INITIALIZATION 




INTERRUPT ARRIVES 



INTERRUPT 
FROM 
8251 



CALL READ/STORE 
USART CHAHACTEB 
S13BH0UT1ME [ bPFBT^ 



CALL CHARACTER 
RECOGN ITION 
SUBROUTINE [ CHREC | 



ENABLE 

IfiTiERRUPJg; 



CALLS276 
INTERRUPT SERVICE 
SUBROUTINE I RT 75 I 



ENABLE INTERRUPTS 



ENABLE INTERRUPTS 




COMPLETE INSTRUCTION 



EXECUTE RST 7 (CALL! liySTRUCTION 



JUMP TO INTERRUPT POLLING SUBROUTINE 



f\l$m 4^14. Synun Initializatiafl Routines 



Figwre 4-15. Interrupt Polling Subroutiije (POi.L) 



8275 Interrupt Service Subroutine (RT 75) 

The 8275 interrupt service subroutine, Figure 4-16, 
re-initializes the 8257 DMA Controller, then tests 
the 8279 FIPO status. If a character has been 
transmitted from the keyboard to the Keyboard 
Controller, a table lookup operation is performed 
to obtain the correct ASCII code for the character, 
and the character is transmitted. 



m4t 



CLEAR 82S7 MODE REG 



LOAD 8257 CH 2 STARTING ADDRESS 
REG WITH TOP, LOCATED AT I TOPAD I 



LOAD 8267 CH 2 TERMINAL COUNT REG WITH 87CFH-T0P+80p0H 



LOAD 8257 CH 3 STARTING ADDRESS REG WITH 80Q0H 



LOAD 8257 CH 3 TERMINAL COUNT REG WITH 87CFH 



LOAD 8257 MODE REG, CH 2 ENABLED AUTOLOAD MODE 



INPUT 8279 FIFO STATUS * ,■ ; ■ 



ter to determine whether the character is a display- 
able character, control code, or the first or second 

■'^^aeter in an escape sequence. A call to the 
appropriate sabroiititie follows the decision-making 
process. If the character is the first character in an 
escape sequence, the escape sequence flag is set and 
the processor loops until a second character is 
received. The character immediately following the 
ESC character is examined by the escape code 

'iiahaiing subroutine and a jump to an escape code 
routine follows. If the character is a displayable 
character or control code, the appropriate subrou- 




CALL CHARACTER 
TRANSMIT SUBRQUTtNErXWlIT I 



Figum 4-16. lntefn»«it SenriiBe %\$m00Sm MfW) 

USART Read/Store Subroutine (RDF 51 } 

The read/store USART character subroutine, Fig- 
ure 4-17, moves a character from the USART to 
the CPU, masks off the upper-most bit, and stores 
the character iii system buffer memory. 



(foa) 




CALL DISPLAY 
- CHykRACTER 
MAI^DLING 



SET ESC APE 
SEOyeNCE f LAG IXFLGl 



SUBROUTINE I DISPL I 



CALL CONTROL 
CODE HANDLING 
SUBROUTINE ICNTRL I 



READ USART STATUS 



READ ASCII CHARACTER 



MASK OFF 8th BIT 



Figura 4-18. Character Rscognition^andl'tag Subroutine 
(CHREC) 



STORE USART CHARACTER IN 



MEMORY LOCATION USCHRl 



Figure 4-17. READ/STORE USART Ctiaracter 
Subroutine (RDFgl) 



Character MecognMon/Haridltng Subroutine 
(CHREC) 

The character recognition/handling subroutine, 
Figure 4-18, examines the masked USART cMiae- 



Esctpe Sequence Subroutine (ESREC) 

The escape sequence subroutine. Figure 4-19, per- 
forms a masking operation pn the USART charac- 
ter, shifts the'resBltitjy Qjie bit position, and adds 
this value to the base address of tto escape se- 
quence lookup table, BSETI. The lookup table 
contains starting addresses for each of the escape 
sequence routines. This address is jammed into the 
program counter and the routine executed. A sum- 
mary of escape sequence functions is given in 
Apperi!d& 5.2. 



I 

MOVE USART CHARACTER 
FROM M EMORY L OCATIOW 




CALCULATE ADDRESS IN 
LOOKUP TABLE OF ESCAFE 
SEQUENCE CHARACTER 
ROUTINE ADDRESS 



JUMP TO ESCAPE SEQUENCE 
CMAfUCTER ROUTINE 



1 ESCH [ 


1 ESCB 1 


1 ESCC I 


1 ESCD ] 


1 ESCE 1 


I ESCH [ 


1 ESCJ 1 

ERASE TO 
END OF 
SCREEN 

ROUTINE 


[ esck] 


CURSOR 

UP 
ROUTINE 


CURSOR 

DDWN 
ROUTINE 


CURSOR 
RIGHT 
ROUTINE 


CURSOR 

LEFT 
ROUTINE 


CLEAR 
SCREEN 
ROUTINE 


HOME 
ROUTINE 


ERASE 
LINE 
ROUTINE 



Figure 4-19. Escape Sequence Subroutine (ESREC) 



Control Code Subroutine (CNTRL) 

The control code subroutine, Figure 4-20, involves, 
conceptually, the same procedures executed by the 
escape sequence subroutine. A summary of control 
code functions is ^ipaitf ^Appendix S.2 



Display Character Handling Subroutine (DISPL) 

The display character handling subroutine, Figure 
4-21, determines if the cursor is located in the last 
column of the row, the last display position, or 
le and calls the appropriate subroutines. 



MOVE USART CHARACTER 



FtlSW MllllPltY L6CAtlON |uSCHR| 



CALCULATE ADDRESS IN 
LOOKUP TABLE OF 

CONTROL CODE , j 
ROUTINE ADDRESS ' 



JUMP TO CONTROL 
CODE ROUTINE 



CARRIAGE 
RETURN 




END OF DISPLAY 



inxtaam time [disi| 



CALL SUBROUTINEblISC 



Figure 4-20.' CQntrol Code Subroutine (CNTRL) 



Figure 4-21. Display Character Handling Subroutine 
(DISPL) 



mm 



Display Subroutine One (DISl) 

Display subroutine one, Figure 4-22, calculates the 
location in memory at which the display character 
is to be inserted. If the location calculation results 
in an address outside of the display memory 
bounds, appropriate "compensation action is taken. 
Prior to inserting the display character in memory, 
the first cliaTacter position in the row in which 
the character will be located is examined. If an End 
of Row character (EOR) is found, the row in ques- 
tion will be blanked by the 8275. It is necessary to 
clear the row by filling it with space codes (Fill 
Subroutine), then insert the display character in 
the desired location. If no EOR character is found, 
insertion proceeds without further software inter- 
vention. 



DISPLAY SUBROUTINE A IDfSA) 



INCREMENT COLUMN COUNT 



CALL LOAD CURSOR POSITION 



SUBROUTINE, WP75 



RETURN 
DISPLAY SUBROUTINE B (DISS) 



SET COLUMN COUNT -P 



GALGULATE CHARACTER 

INSERTION LOCATION IN , , 

DISPLAY MEMORY. STORE RESULT IN [lOCAdI 



CALCULATE LOCATION 
OF 1st CHARACTER IN 
ROW, S TORE RES ULT 
IN I LOCO! I 




CALI- I fill] 
SUBROUTINE 
J 



SET ROW COUNT = 
ROWcbuNT + 80 



INCREMENT 
CljRSOR Y POiSiriON 



CALL LOAD CLJRS OR POSIT ION 
SUBROUTINE,! WP76 J 



RETURN 
DISPLAY SUBROUTINE C (DISCI 



MOVE USART CHAR 
.FROM MEMORY TO A REG 



SETGOLUMN COUNT -0 



MASK OFF BITS 7. S 



HAOCHlWAOTER 
ll» DISPLAY MEMORY 
AT ADbRE^SPEC! Fl ED 
BY| LOCADI 



Figure 4-22. Display Subroutine 1 (DISl) 



CALL LOAD CURSOR POSITION 
SUBROUTINE I WP75 | 



CALL SC ROLL 
SUBROUTINE. [SCROLI 



Figure 4-23. Displny Subroutinst — 

A (OlSA), B !DtSB). C (DISC) 



Display Subroutines A, B, C (DISA, DtSB, DJSC) 

Display subroutines A, B, and C, Figure 4-23, mod- 
ify the appropriate display memor/ pointers. The 
modifications are based on the present cursor loca- 
tion, as determined by subroutine DISPL. The 
resulting cursor position data is transferred to IJie 
8275 Cursor X and Y Position registers.. If DI|.^4S 
called, a scrolling operation occurs. . . , 



Cursor Up Routine (ESCA) 

The cursor up routine, Figure 4-24, determines if 
the cursor is located in the first display row. If it is, 
the Row Count and Column Count values are 
modified, and the cursor is moved to the last dis- 
play rovif with no ciiange in X position. If the 
Gwppr ^ jnot in the top row, the row up subroutine 
ises^eij. 
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SETROtHCOUNT- 
LAST ROW {19 20D-=780 HI 
STORE IN IrCTADI 



SET CURSOR Y POSITION 

- yOT,»iBii» mo - M Hi 



CALt. LDAD CURSOR 



POSITION SUBROUTINE, WP75 



Figure 4-24. Cursor Up Routine (ESCA) 




Cursor Down Routine (ESCB) 

The cursor down routine. Figure 4-25, determines 
if the cursor is located in the last display row. If it 
is, tbe scroll subroutine is called. No modification 

of cursor position is called for. If the cursor is not 
located in the last display row, the row down sub- 
fQutee is called. 



Fisure 4r26. Cunor Right Rgutine (ESCC) 






HOME 
POSITION 



SET COLUMN 
COUNT = LAST 
COLUMN (790 = 4FH) 



^ LA^ COLUMN VALUE 17SDI 



CALL ROWUP 



SET ROWCOUNT 

= LAST ROW 
(1920D = 780H) 



SET CURSOR Y 
POSITION" 
LAST BOW 
(240=18H) 



ngufe 4^ Curaof'btfwn ttoutine (ESCB) 



(^rmrMlgktMmtlmr(BSCC) 

The cursor n^t routine tests the cursor location 
and moves the cursor as described in Figure 4-26. 

If the cursor is in the last display position, a scroll- 
ing operation occurs. 8275 Cursor X and Y Posi- 
tion registers are up(isrts^"accordingly. 

OmUr- MftMmme (ESCD) 

The cursor left routine tests the cursor location 
and moves the cursor as described in Figure 4-27. 



CALL LOAD CURSOR 
POSITION SUBROUTINE. 



Figure 4-27. Cunor Left Routine (ESCD) 

Clear Screen Routine (ESCEJ .> , , 

S^feral possibilities existed fSt' i^ftj^telftentihg the 
clear screen function. The simplest of these tech- 
niques involves filUng the display memory with 
space codes. This technique, although conceptually 
simple, requires several milliseconds to implement. 



i-*f46 



The Ind-oE-Ro* char^cl^ (EOR) recognized by 
the 8275 allows the clfeiar screen feature to be exe- 
cuted in a considerably shorter time span. During 
the clear screen routine, Figure 4-28, EOR charac- 
ters are placed in the first character position of 
each row in display memory. Since the EOR char- 
acter blanks the ^tire di^lay row when placed in 
the first character position of the row, the use of 
EOR characters in each row blanks the entire 
screen. All pointers are, cleared . during the clear 
screen operation. 



Erase to End of Screen Routine (ESCJ) 

The erase to end of screen routine, Figure 4-30, 
inserts End of Row characters (EOR) in display 
memory in the same fashion as the clear screen 
routine. The fundamental difference between the 
routines is that the erase to end of screen routine 
must insert EOR characters selectively. Only rows 
from the present display row until the last display 
row, pointed to by BOTTOM, receive EOR charac- 
ters. It should be liotfed that the pointer BOTTOM 
changes dynamically with scrolling operations. 



MOVE EOR CHARACTER 
TO FiftST CHARACTER 
LOCATION OF EACH ROW 



SET ROW COUNT = 



SET COLUMN COUNT = 



POSITION = 



RE-INITIALIZE TOP TO 8000H 

CALL LOAD CURSOR 
POSITION SUBROUTINE. | WP75 | 



Figure 4-28. Clear Screen Routine (ESCE) 
Home Routine (ESCH) 

The home routine. Figure 4-29, resets the Row 
Count, Column Count and Cursor Y Position buf- 
fers to zero, but does not affect the value of TOP. 



CALCULATE LOCATION OF 
FIRST CHARACTER IN PRESE NT 
BOW, STSBS IN lUa»/H 



CALCULATE BOTTbM. STORE IN | BOTAD| 



FILL LOCATION OF FIRST 
CHARACTER IN PRESENT ROW 
WITH EOR CHARACTER 




SET LOCATION OF 
FIRST CHAR IN PRESENT ROW 
RETURN = LOCATION OF FIRST GHAR OF 

FIRST ROW IN DISPLAY MEMORY {8000H) 



SET LOCATION OF 
FIRST CHARACTER IN PRESENT 
ROW= LOCATION OF FIRST CHAR 
IN PRESENT ROW -t-SOD 



Figure 4-30. Erase to End of Screen Routine (ESCJ) 



I^KREcJ 

SET ROWCOUNT ° 



SET COLUMN COUNT = 



SET CURSOR Y POSITION = 



CALL LOAD CURSOR 
POSITION SUBROUTINE. ! WP75| 



Figure 4-29. Home Routine (ESCH) 



Erase Line Ramlne (ESCK) 

The erase line routine, Figure 4-31, calculates the 
loc|.tion of the first character in the current display 
rO#, stortes the'locatton in buffer memory, and 
calls the fill subroutinfe, which fills the row with 
space codes. 

Backspace Routine (CTRLH) 
ifee airsof l«f^ -ri&ittilift. 

''khe Mea Rataim (CTRLJ) 
See cursor down routine. 



2-147 



CALCULATE LOCATION OF FIRST CHARACTER 



T 



J lWi|lOWi,STORE AT LOCXX 



STORE CONTENTS Of LOCXX 
IN MEMORY 



AT LOCBUF 



ADD -800 

TO ROW COUNT; 

STORE IN LOCATION IRCTAP) 



DECREMENT CURSOR Y POSITION 
STORE IN LOCATION |CURSY| 



CALL I FILL [ 
SUBROUTINE 



. CALL LOAD CURSOR 
M^fciN' SUBROUTINE. I WP75 | 



F^fii^4-31. Erase Line Routine (ESCK) 



Figure 4-33. Row Up Subrou^ WOWUP) 

^ : 



Carriage Return Routine (CTRLM) 

The carriage return routine, FigJiire 4-32, clears the 
column count and updates tke 8275 cursor posi- 
tion registers. 



(cntrlJ 



SET COLUMN COUNT = 



CALL LOAD CURSOR POSITION 
SUBROUTINE.! 



=. | WP7S I 



i?a»O'liffl0 TO HOW G0UNT 




INCREMENT CURSOR Y POSITION 
STORE IN IcURSv] 



CALL LOAD CURSOR 



POSITION ^BROUTINE. WP75 



Figure 4-34. Row Down SWMvie SOWN) 



P|giirft^3Z Civriaiie Refturn Routine (€TRLM) 



Row Un, Row^pown Subroutines (ROW UP, ROW 



INCREMENT COLUMN COUNT 
STORE IN IcCTAdI 



CALL LOAD CURSOR 
POSITION SU8R0UTIN£.,^^~|"i 



The row up subroutine. Figure 4-33, subtracts SOD 
from the Row Count value, decrements the Cursor 
Y Position pointer, and updates the 8275 Cursor 
Position registers. The row down subroutine, Fig- 
ure 4-34, differs in that SOD is added to Row 
Count. 

Column Right, if^mn left St^muttnes (COLRT, 
COLLT) 

The column right subroutine. Figure 4-35, incre- 
ments the Column Count pointer and updates the 
8275 cursor position registers. The column left 
subroutine, Figure 4-36, differs in that the Column 
Count is decremented. 



Figure 4-35. Column Bight Subroutine (COLRT) 



DECREMENT COLUMN COUNT 
STORE IN ICCTAO I 



CALL LOAD CURSOR 
POSITION SUBROUTINE.) WP7S j 



'Wtwrn 

Figure 4-36. Column Left Si^»ib&d^(6oLLT) 
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Scroll Subroutine (SCROL) 

The scroll subroutine, Figure 4-37, fills the row in 
display memory pointed to by TOP with space 
characters via the fill subroutine, then modifies the 
value of TOP. TOP is utilized by the 8275 service 
subroutine in re-initializing the 8257 DMA con- 
troller. 




MOVE TOP TO ILOCBUF I 
FROM ITOPADI 

1 

CALL I FfLL I SUBROUTINE 



The relationship between system subroutines is 
presented in Appendix 5.3. Software timing con- 
siderations are covered in. Appendix 5.4. 




MOVE LOCATION OF FIRST 
CHARACTER IN PRESENT ROW ' TOP ROW 

FROM BUFFER. |L0CBUF| 



CALCULATE LOCATION OF 
LAST CHARACTER IN ROW +1 CHARACTER LOCATION 
STORE IN LOC60 



SAVE STACK POINTER 



TOP = 
LAST 
ROW 
(87B0H1 



SETTOP.TOMOD 
■ TOPfSOH 



SET TOP = FIRST ROW (8000H) 



RETURN 

Figure 4-37. Scroll Subroutine (SCROL) 



SET STACK POINTER - LOCATION 
OF LAST CHARACTER IN ROW + 1 



FILL f)CM LOCATIONS 
WITH SPACE tHARACTERS 
VIA STACK PUSH OPERATIONS 



-j^ -AA'- RESTORE ST^^K POINTER 



Fill Subrmtine (FILL) . , I "^"^^ 

The fin subroutine, Figure 4-38", calculates the 
location of the last character in the current display 

row, plus one character position, by adding SOD = 
50H to the location of the first character in the 
current display row. The current stack pointer 
value is saved, then the stack pointer is loaded with 
the location of the last character in the current ^ y 
play row, plus one character position. The B - 
registers of the CPU are loaded with space charac- 
ters and 40 PUSH B operations performed. This 
technique provides a rapid means (275 //sec) of 
filling a given row with space coftes. }■ ' J * . i 

Load Cursor Position Subroutine (W 7^) 

The load cursor position subroutine, Figure 4-39, 
transfers the contents of the Column Count and 
cursor Y podtion pointers to ^-8275 cursor X 
position and cursor Y position registers, respec- 
tively. 



FigMre 4-38. Fill Subroutine (FILL) 



ESCB 

ESCC 
ESCD 
ESCE 



ESCH 
CTRLM 

DISA 

DISS 
DISC 



OUTPUT WRITE CURSOR 
P^ITtON CCMVIMAND TO 8275 



oafpuTeuBsoR^xpt^iTioN i.c 

TO 8275 FROM [cct. 



OUTPUT CURSOR Y POSITION (CURSOR Y POSITION) 
TO 8275 FROM fcUftSvl 



figure 4-39. Load Cursor Position Subroutine (WP75) 
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Appendix 8.1 




2mi 



>- 
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DO3 


1 
6 

DIEN 


cs 



2 MEMR (BUF) 
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-or 
'0, 

- Al 

- A2 

- A3 



AO Vcc GND 

l/Oi 
A2 
*3 
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CRT Terminal Schematie — Memory Section 
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8251 DECODER 
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CRT Terminal Schematic — Peripherals Section 
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OUT 4 


GND 


OUT 5 




OUT 6 




OUT 7 


74S 


38 



FROM 
- MICROSWITCH 
KEVBOARD 



- MICROSWITCH 
KEYBOARD 



>- 
>- 
>- 
>- 
>- 
>- 
>- 
>- 



2-156 



FROM_ 
B27S 




XTAL 22.99 MHz 




3 

10 


> 


11 ^ 


13 




14 


5> 


15 


> 


16 


> 

^ > 



22 A9 

p i t3 Va PGM 



CHARACTER 

GENERATOR 
ROM 



74S74 

CLK 



1134 MHi 
DOT CLOCK 



CRT Terminal Schematic — Dot Tirtiing Logic Section 
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VERTICAL DRIVE 
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Appendix 5.2 

ESCAPE/CONTROL/DISPLAY CHARACTER SUMMARY 



CONTROL DISPLAYABLE ESCAPE 

CHARACTERS CHARACTEll SEQUENCE 



BIT 
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"l 
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Ol. 


"o 


^0 
"l 


'l. 

'o 


'l 


°1. 

'o 


°1, 

'l 


\ 


^0, 
"1 





1l, 

1 


0000 


@ 

NUL 


p 

DLE 


SP 





@ 


P 


















0001 


A 

SOH 


DCI Q 




1 


A 


Q 












A 








0010 


B 

STX 


B 

DC2 




2 


B 


R 










\ 


i . 








0011 


c 

ETX 


S 
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0100 


D 
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D 
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"* D 
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E 
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u 
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% 
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E 
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V 
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N 
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NOTE: Shaded blocks = Functions terminal will react to. Others can be generated but are ignored up on receipt. 
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(ROWUP) 



ROWDOWN 
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CURSOR RIGHT 
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(ESCC) 
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RIGHT 
SUBROUTINE 
iCOLRT) 



CURSOR LEFT 
ROUTINE 

(ESCD) 



ROWDOWN COLUMN 
SUBROUTINE LEFT 
(ROWDN) SUBROUTINE 



CLEAR SCREEN 
ROUTINE 
(ESCE) 



HOME 
ROUTINE 
(ESCH) 
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END OF 
SCREEN 

ROUTINE 
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LINE 
ROUTINE 
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ROUTINE ROUTINE RETURN 
(CTRL J) 



(CTRL H) 



ROUTINE 
(CTRL M) 



ROWUP 
SUBROUTINE 
(ROWUP) 



FILL 
SUBROUTINE 
(FILLJ 



CURSOR 
LEFT 

ROUTINE 
(ESCD) 



CURSOR 

DOWN 
ROUTINE 

(ESCB) 



DISPLAY CHARACTER 
HMMDLING SUBROUTINE 
(DISPL) 

DISPLAY 
SUBROUTINE 1 
(0IS1) 

I — f 

FILL 
SUBROUTINE 



DISPLAY DISPLAY DISPLAY 

SUBROUTINE A SUBROUTINES SUBROUTINE C 




CO 

C 

00 
X 

o 
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3D ** 

m «i 



■o 
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Appendix 5.4 ' 
SOFTWARE TIMING 

Subroutine execution times are summarized in tie' 
flowchart provided in Figure 5-1. The values shown 
represent the number of clock cycles required for 
the execution of a given routine. The actual rou- 
tine execution time is obtained by multiplying the 
number of clock cycles/routine by the time/clock 
cycle. For a 2.048 MHz system clock, the time/ 
clock cycle is 0.4883 jstsee. It should be noted that 
the values indicated represiat woist-case exccutiion 
times. In order to appreciate the meaning of the 
subroutine execution times, it is necessary to con- 
sider two factors; 

1 . The time available for the CPU to execute 
instructions between DMA operations. 

2. The maximum rate at which data characters 
are presented to the CPU for processing. 

CPU availability during a complete display frame is 
illustrated in Figure 5-2. Available CPU processing 
time, per character, at 4800 baud,, during the DMA 
active pqrtion of the display frame, is illustrated in 
Figure 5-3. It can be seen from Figure 5-3 that 
1443 fxsec are available for processing each charac- 
ter during the DMA active portion of the frame. 
Total CPU processing time during the DMA inac- 
tive portion of the frame may be seen from Figure 
5-2 to be 1234 ^isec. This value encompasses the 
time to process the 8275 interrupt and perform 
character handhng functions. 

■ ■■ • n^:i.:- 

Using the information contained in Figute 5.-1, 
the maximum execution time* for a given chatac* 
ter handling routine is 802 jusec. Since this value 
is less than 1.443 msec, proper liming is assured. 
Using the maximum character handling routine 
execution Iteiie and toe time required for 8275 
interrupt processing, the maximum CPU availabil- 
ity requirement during the DMA inactive portion 
of the frame may be calculated. This value corre- 
sponds to 802 Msec + 253 ^sec (8275 interrupt 
processing) or 1055 ^sec. Since this value is less 
than 1234 /xsec, proper timing is assured. 



*see notes. Figure 5-1. 



Appendix 5.5 
VISUAL ATTRIBUTE IMPLEMENTATION 
CONSIDERATIONS 

In order to utilize the visual attribute features of 
the 8275, it is necessary to modify the CRT sys- 
tem hardware and software functions accordingly. 

Hardware modifications necessary to implement 
character attribvites are illxistrated in Figure 5-4. 
The attribute outputs LAO— LAI selectively con- 
trol the data transferred to the output shift regis- 
ter. 

The software memory management scheme pre- 
sented in the Application Note must be modified 
in order to accommodate attribute features. An 
outline of the software considerations involved 
when using the attribute features is presented as 
follows: 

1. Attributes, as described in the 8275 Data 
Sheet, occupy cliaracter locations in display 
memory. Since the number of attributes per 
display row may be variable, the linear map- 
ping relationship between character position 
on the screen and memory pointers Top, Row 
Count, and Column Count no longer exists. 
It is necessary to keep track of the number of 
attribute characters in each row and their 
specific location when modifying pointer 
values. 

2. The increased number of character locations 
required will force the user to mcorporate 
additional display RAM. 

3. Since the total number of characters in dis- 
play memory may be variable when attributes 
are utiUzed, it is necessary to modify the 
starting address and terminal count values for 
the DMA channels as required. 

4. Character insertion and deletion operations 
may be handled through block transfer oper- 
ations or through the use of extended display 
memoiy row segments. 
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Figure 5-1. Subroutine Execution Times Flowchart 
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Figure 5-2. CPU Availability 
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BETWEEN CHARACTERS 
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Figure 5-a QPIJ Avail^Hty/Character at 4800 Baud (DMA Active) 




Figure 5-4. Typical Character Attribute Logic 
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IOC OBJ 



0OF6 
OOFA 
OOFA 
006F 
006E 
005F 
005E 

ooSu 

00H5 
0QU6 
0047 
0000 
0081t 
0048 



0000 C34000 

0038 

0038 C3C900 

00<tO 

0040 F3 

31FP87 



0041 



0044 
0047 
0049 
004A 
004B 
004D 
0050 
0051 
0054 



210080 

3E20 

77 

7D 
FECF 
CA5400 
23 

C347OO 
7C 




005 E 
0061 
0064 
0067 
006A 
006D 
0070 
0073 
0076 
0079 
007c 
007F 
0082 
0084 
0087 
008A 

ooSd 



210000 

22D387 

22E287 

22D887 

22DA87 

22DC87 

22DE87 

22E087 

210080 

22D687 

218087 

22E687 

3E00 

32D287 

32D587 

liill 



0090 3E4F 
0092 D3FB 
0094 3E27 
0096 D3FB 



0098 3E35 
009A D36F 



SEQ 

1 
2 



SOURCE STATEMENT 
;8275/8279 CRT SYSTEM SOFTWARE 



9 

10 

n 
12 

]l 

k 
19 
20 
21 
22 

12 
25 
26 

u 

29 

30 

31 
32 



CNCTL 

CNIN 

CNOUT 

KCOH 

KDAT 

CRCOM 

CROAT 

PC2SA 

PC2TC 

PC3SA 

PC3TC 

MDC57 

MDS57 

PMD57 



CRTGO : 



THETA: 



NXT1 : 



11 
141 
42 
H3 
44 
45 
46 

u 

49 

50 
51 
52 



5^ NXT2: 

55 

55 

II 

II 
61 
62 

II 
65 
66 
67 



69 
70 
71 

72 

]l 
75 
76 

\l 

II 
81 
82 



; SYSTEM EQUATES 



EQU 
EQU 
EQU 

EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 



OFBH 

OFAH 

OFAH 

6FH 

6EH 

5FH 

5EH 

44H 

45H 

46H 

47H 

OOH 

84H 

48H 



8251 
8251 
8251 
8279 
8279 
8275 
8275 
8257 
8257 
8257 
8257 
8257 
8257 
8257 



CONTROL ADDRESS 
INPUT DATA ADD 
OUTPUT DATA ADD 
COMMAND ADDRESS 
DATA ADDRESS 
COMMAND ADDRESS 
DATA ADDRESS 



START ADD PORT 
TERM COUNT PORT 



CH 3 STARTING ADD PORT 
CH 3 TERM COUNT PORT 
MODE CLEAR 

MODE SET (AUTOLOAD, CH 2 ENABLED) 
MODE SET PORT 



; SYSTEM INITIALIZATION ROUTINES 



JMP CRTGO 

6rg 0038H 

iMP POLL 

^RG 0040H 

ii 

LXI 



SP, 87FFH 



; MEMORY CLEAR ROUTINE 



txi 

MVI 

MOV 

MOV 

CPI 

JZ 

[NX 

JMP 

MOV 

CPI 

JZ 

HNX 
JMP 



H,8000H 
A, 20H 
M,A 
A.L 

OCFH 
NXT1 
H 

THETA 
A,H 
87H 
NXT2 

H 

THETA 



;J0(«> TO START OF MtlM ROBTIHE 

;JUMP TO START OF INT SERVICE ROUTINE 



: DISABLE INTERRUPTS 
;LOAD STACK POINTER 



LOAD H&L WITH START ADD OF DISPLAY MEM 

LOAD A WITH SPACE CHAR CODE 
LOAD SPACE CHAR IN MEM 
MOVE LOW ADD BYTE TO A 
COMPARE WITH OCFH 
IF COMPARRISON JMP TO NXT1 
INCREMENT H4L 

JMP TO THETA. CONT LOADING MEMORY 
MOVE UP ADD BYTE TO A 
COMPARE WITH 87H 

KDWIWiJlP^lb^MT^^^'"'-" 
INCREMENT H&L 

JMP TO THETA, CONT LOADING MEMORY 



; POINTER/BUFFER CLEAR ROUTINE 



SiLD 

SHLD 

SHLD 

SHLD 

SHLD 

SHLD 

SHLD 

LXI 

SHLD 

LXI 

SHLD 

MVI 

STA 

STA 

STA 

STA 



H.OOOOH 

RCTAD • 

LOCBUF 

LOCAD . 

LOC01 

L0C80 

LOCXX 

LOCPR 

H.SOOOH 

TOP AD 

H,8780H 

BOTAD 

A, OOH 

CCTAD 

CUHSY 

XFLG 

USGHR 



ZERO HiL 

ZERO ROW COUNT 

ZERO BUFFER 

ZERO CHARACTER LOCATION 
ZERO LOC OF 1ST CHAR IN ROW 
ZERO LOC OF 80TH CHAR IN ROW ■ 
ZERO PRESENT LOC OF TST CRA8 IS 
ZERO PRESENT LOC OF ISt CBAH IN 
LOAD HiL WITH 8000H 
SET TOP = 8000H 
LOAD H&L WITH 8780H 
SET BOT = 878OH 
ZERO A 

ZERO COLUMN COUNT 
ZERO CURSOR Y POINTER 
ZERO ESC SEQ FLAG 
ZERO USART CHAR BUFFER 



;8251 INITIALIZATION ROUTINE 



MVI 

OUT 
M/I 
OUT 



A,4FH 
CNCTL 
A,27H 
CNCTL 



;MODE SET VALUE TO A 
;OUPUT VALUE 
; COMMAND WORD TO A 
; OUTPUT VALUE 



;8279 INITIALIZATION ROUTINE 

; OUTPUT PROG CLOCK, DIV BY 21 



MVI 
OUT 



A.35H 
KCOM 



;8275 INITIALIZATION ROUTINE 
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009C 
009 E 
OOAO 
00A2 
OOAH 
00A6 
00A8 
OOAA 
OOAC 
OOAE 
OOBO 
00B2 
OOBI 
00B6 
00B8 
OOBA 
OOBC 
OOBE 
OOCO 
00C2 
OOCt 
00C5 
00C6 



3E00 
D35F 
3E4F 
D35E 
3E58 
D35E 
3E89 
D35E 
3ED9 
D35E 
3E80 
D35F 
3E00 
D35E 
3E00 
D35E 
3EE0 
D35F 
3E23 

'^r 

00 

C3C500 



00C9 DB5F 
OOCB E620 
OOCD CAD500 

DODO CD730t 
00D3 FB 
OOm C9 

00 D5 CDDDOO 
00D8 CDE500 
OODB FB 
OODC C9 



OODD DBFA 
OODF E67F 
OOEl 32E587 
OOEt C9 



00E5 
00E8 
OOEA 
OOED 
OOFO 
00F1 
OOFU 
00 F6 



3AE48r 
E5FF 
CAF100 
CD0F01 

C9 „ 
3AE587 
E660 
CAFDOO 



00F9 CD1)B03 
OOFC C9 
OOFD 3AE587 
0100 E610 
0102 C20901 

0105 CD2701 

0108 C9 

0109 21E187 
010C 3601 
010E C9 



010F 
0111 
0111 
0117 
0119 
011A 
DUD 
0120 
0121 
0122 
0123 
012U 
0125 
0126 



3E00 

32Elt87 

3AE587 

E60F 

07 

21D004 
1 10000 

5F 
19 

5E 

II 
EB 
E9 



85 
86 



89 
90 
91 
92 

II 

fe 

97 

98 

99 
100 
101 
102 
103 

105 

105 

106 LOOP: 
107 

108 
109 
110 

111 

1 12 



CHREC: 



113 POLL: 

iia 

115 
116 

117 GIGEM: 

118 

119 

120 

121 AGGIE: 

122 

123 

12? 

125 

126 
127 

123 RDF51: 
129 
130 
131 
132 
133 
134 

m 
m 

139 

140 NXTX: 

141 

142 

143 
144 
145 

146 NXTY: 

147 

148 

149 

150 

151 

152 NXTZ: 

153 

154 

155 

156 

159 
160 
161 
162 

163 
164 
165 
166 

167 
168 
169 
170 
171 
172 
173 



ESREC: 



HVI 

CUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

MVI 

OUT 

EI 

NOP 

JMP 



A.OOH 

CRCOM 

A,4FH 

CRDAT 

A,58H 

CROAT 

A,89H 

CROAT 

A,0D9H 

CROAT 

A,80H 

CRCOM 

A.OOH 

CRDAT 

A.OOH 

CROAT 

A.OBOH 

CRCOM 



LOOP 



RESET AND STOP DISPLAY 
SCREEN PARAM BYTE 1 
BYTE 2 
BYTE 3 
BYTE 4 
LOAD CURSOR POSITION 
CURSOR X POSITION 
CURSOR Y POSITION 
PSBSBT COUNTERS 
START DISPLAY 
ENABLE INTERRUPTS 



; 8275/8251 INTERRUPT POLLING ROUTINE 



IN CRCOM 
ANI 20H 
,IZ AGGIE 



dALL 

EI 

RET 

CALL 
CALL 
EI 
RET 



RT75 



RDF51 
CHREC 



;READ 8275 STATUS, CLEARING INT 
J MASK STATUS, SAVE INT REO BIT 
,;IF STATt)S=1, SERVICE 8275 

:CALL 8275 INT SERVICE SUBROUTINE 
; ENABLE INTERRUPTS 
; RETURN 

;CALL READ USART CHAR ROUTINE 

;CALL CHARACTER RECOG/HANDLING ROUTINE 

; ENABLE INTERRUPTS 

; RETURN 



; USART READ/STORE CHAR SUBROUTINE 



ANI 
3IA 
RET 



CNIN 
7FH 
USCHR 



READ ASCII CHAR FROM USART, RESETTING RXRDY 
MASK BIT 8,SAVE BITS 1-7 
STORE USART CHAR IK MEMORY 
RETURN 



! CHARACTER RECOGNITION/HANDLING SUBROUTINE 



eWi 

RET 
LDA 
ANI 
JZ 

CALL 

RET 

'^DA 

ANI 

JNZ 

:all 

RET 

:.xi 

RET 



XFLG 

mm 
«TX 

^REC 

USCHR 

60H 

NXTY 

mm. 

USCHR 

10H 

NXTZ 

CNTRL 

H,XPLG 



FLAG 



LOAD A WITH ESC SEO 
SET/RESET ZERO BIT 
IF 0NE,CHAR=2ND CHAR IN ESC SEQ 
CALL ESC SEQ SOE800TINE 
RETURN 

LOAD USART CHAR IN A 

MASK BITS 1-5,i8,SAVING BITS 647 

IF ZERO CHAR=C0NTR0L CHAR 

IF ONE CHARrDISPLAY CHAR 

CALL DISPLAY CHAR SUBROUTINE 

RETURN 

LOAD USART CHAR IN A 
MASK OFF BITS, SAVE BIT 5 
IF ZERO CONT CHAR=C0NT CODE 
IF ONE CONT CHAR=ESC CODE 
CALL CONTROL CODE SUBROUTINE 
RETURN 

LOAD H&L WITH ADD OF ESC SEO FLAG 

SET ESC SEQ FLAG 

RETURN 



•ESCAPE SEQtffiNCE SUBROUTINE 



MVI A.OOH 

STA XFLG 

LDA USCHR 

ANI OFH 
RLC 

:,XI H.BSETI 

.XI D.OOOOH 

MOV E,A 

DAD D 

^OV E,M 

INX H 

"lOV D.'M 
XCHG 
PCHL 

leoraoii odde !S0Broutike 



ZERO A 

RESET ESC SEO FLAG 

LOAD USART CHAR IK A 

MASK BITS 5-8 

SHIFT LEFT, YIELDING OFFSET 

LOAD BASE ADD OF TABLE 1 IN H4L 

ZERO D4E 

LOAD OFFSET IN E 

ADD OFFSET TO BASE, RESULT IN H4L 
MOVE LOW BYTE OF ROUTINE ADD TO E 
INCREMENT COMPUTED ADDRESS 
MOVE UP BYTE OF ROUTINE ADD TO D 
EXCHANGE D&E WTIH H&L 

LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE 



2-165 



0127 3AE587 
012A E606 
012C 21F00U 

012F noooo 

0132 5F 




0139 
013C 
013D 
013F 
Ol52 
01145 
01H6 
011)7 
01H9 
01HC 
014F 
0150 
0153 
0156 
0158 
0158 
015E 



015F 
0162 
0163 
0165 
0168 
016B 
016c 
016D 
016F 
0172 
0175 
0176 

S'P 
OlfC 



2AD387 

7D 

FEOO 

CA4601 

CD0803 

C9 

7C 

FEOO 

CA5001 

CD0B03 

C9 

218007 
220387 
3Eld 
32D587 

<:d3co3 
eg 



2AD387 

FE80 
CA6C01 
CD1A03 
C9 

7C 

FE07 

CA7601 

CD1A03 
C9 

CD3C03 
mB04 
C9 



017D 3Aia87 
0180 FE|F 
0182 CA8901 



0185 
0188 
0189 
018C 
018D 
018F 
0192 
0193 
0195 
0198 
019B 
019D 
01A0 
01A3 
01AU 
01A6 
01A9 
01AC 
01AP 



0031403 
C9 „ 
2AD387 

FE80 

C29B01 

7C 

FE07 

C29B01 

C3A1)01 

3EO0 

32D287 

CDIA03 

C9 

3E00 

32D287 

CD3C03 

CDOBOli 

C9 



0130 
01B3 
01B5 
01E3 
01BB 
01BC 
01BF 
01 CO 
01C2 
01C5 

mm 



3AD287 

FEOO 

CABC01 

CD2C03 

C9 

2AD387 
7D 
FEOO 
C2CE01 



17t 

175 CNTRL: 

176 

177 

178 

179 

180 

181 

182 

183 

185 

185 

186 

187 

188 

189 ESCA: 

190 

191 

192 

193 

19t 

195 ALPHA: 
196 

\ll 
199 

200 BETA: 

201 

202 

203 

20S 

205 

206 

207 

208 

209 ESCB: 
210 
211 
212 

213 
2l5 

215 GAMMA: 

216 

217 

218 

219 

220 DELTA: 
221 
222 
223 
224 
22' 



22I 
229 
230 
231 

23 
23? 

235 
235 
237 
238 
239 
2no 



ESCC: 



ZEXA: 



CCTOA: 



21(1 
2«2 
243 

244 CCTOE: 

245 

245 

247 

248 

249 

250 

251 

252 ESCD: 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 



NXTA: 



USCHH 
06H 

H,BSET2 

D. OOOOH 

E, A 

D 

E,M 
H 

D,M 



LDA 
AN I 
LXI 
LXI 
MOV 
DAD 
MOV 
INX 
MOV 
XCHG.. 
,PCHL 



; CURSOR UP ROUTINE 



^.HLD 

HOV 

CP I 

JZ 

CALL 

PET 

NOV 

CPI 

JZ 

CALL 

RET 

LXI 

SHLD 

MVI 

STA 

CALL 

HET 



RCTAD 

A.L 

OOH 

ALPHA 

ROWOP 

A.H 

OOH 

BETA 

ROWUP 

H,0780H 

RCTAD 

A,18H 

CURSY 

WP75 



; CURSOR DOWN ROUTINE 

Lmo RCTAD 

MOV A.L 

CPI 80H 

JZ GAmA 

CALL ROWDN 
RET 

MOV A,H 

CPI 07H 

JZ DELTA 

CALL ROWDN 
RET 

CALL WP75 

CALL SCROL 
RET 

•CURSOR RIGHT ROUTINE 

il>A CCTAD 

CPI 4FH 

JZ ZETA 

CALL COLRT 
RET 

LHLD RCTAD 

MOV A,L 

CPI 80H 

JNZ CCTOA 

MOV A,H 

CPI 07H 

JNZ CCTOA 

JMP CCTOB 

MVI A, OOH 

STA CCTAD 

CALL ROWDN 
RET 

MVI A, OOH 

STA CCTAD 

CALL WP75 

CALL SCROL 
RET 

•CURSOR LEFT ROUTINE 



f,DA 
CPI 
JZ 

CALL 

RET 

LHLD 

MOV 

CPI 

JNZ 

tm 

CPI 
JNZ 



CCTAD 
OOH 
NXTA 
COLLT 

RCTAD 

A,L 

OOH 

CCTMA 

A.H 

OOH 

CCTMA 



LOAD USART CHAR IN A 

MASK CHAR, SAVE BITS 2-3 

LOAD PASE ADD OF TABLE 2 IN HJL 

CLEAR D4E 

LOAD OFFSET IN E 

ADD OFFSET TO BASE, RESULT IM H&L 
MOVE LOW BYTE OF ROUTINE ADD TO E . 
INCREMENT COMPUTED ADDRESS 
MOVE UP BYTE OF ROUTINE ADD TO D 
EXCHANGE D&E WITH H&L 

LOAD PC WITH ROUTINE ADD, JMP TO ROflUKE 



LOAD ROWCOUNT IN H&L 

MOVE LOW BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH OOH 

IF BYTE=0 CONTINUE CDMPARRISON 

CALL ROWUP SUBROOtlBfi 

RETURN 

MOVE UP BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH OOH 

IF BYTE=0,ROWCOUNT=FIRST ROW 

CALL ROWUP SUBROUTINE 

RETURN 

LOAD H4L WITH ROWCOUNT=LAST ROW VALUE ( 1920D) 

STORE 0730H IN ROWCOUNT BUFFER 

LOAD A WITH CURSOR Y POS=LAST ROW VALUE (240) 

STORE 18H in cursor Y POS BUFFER 

CALL LOAD CURSOR POSITION SUBROUTINE 



LOAD ROWCOUNT IN H&L 

MOVE LOW BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH 8OH 

IF BYTE=80fl, CONTINUE COMPARRISON 

CALL ROWDOWN SUBROUTINE 

RETURN 

MOVE UP BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH 07H 

IF BYTE=07H, ROWCOUNT=LAST ROW 

CALL ROWDOWN SUBROUTINE 

RETURN 

CALL LOAD CURSOR POSITION SUBROUTINE 

CALL SCROLL SUBROUTINE 

RETURN 



LOAD COLUMN COUNT IN A 

COMPARE BYTE WITH 4FH 

IF BYTE=4FH, COLUMN COUNT =LAST 

CHARACTER POS IN ROW 

CALL COLUMN RIGHT SUBROUTINE 

RETURN 

LOAD ROWCOUNT IN H&L 

MOVE LOW BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH 80H 

IF BYTE=80H. CONTINUE COMPARRISON 

MOVE UP BYTE OF ROWCOUNT TO A 

COMPARE BYTE WITH 07H 

IF BYTEs 07H,R0WC0UNT=LAST ROW 

JUMP TO CCTOB 

ZERO A 

ZERO COLUMN COUNT 

CALL ROWDOWN SUBROUTINE 

RETURN 
ZERO A 

ZERO COLUMN COUNT BUFFER 

CALL LOAD CURSOR POSITION SUBROUTINE 

CALL SCROLL SUBROUTINE 

RETURN 



LOAD COLUMN COUNT IN A 
COMPARE BYTE WITH OOH 

IF BYTE=0, COLUMN COUNT =FIRST CHife'- POS IB ROW 

CALL COLUMN LEFT SUBROUTINE 

RETURN 

LOAD ROWCOUNT IN H&L 

LOAD LOW BYTE OF ROWCOUNT IN A 

COMPARE BYTE WITH OOH 

IF BYTE=0,CONTINUE COMPARRISON 

LOAD UP BYTE OF ROWCOUNT IN A 

COMPARE BYTE WITH ZERO 

IF BYTE=0,HOME POS CONDITION EXISTS 



01CB 
01CE 
OlDO 
01D3 
01D6 
01D7 
01DA 
01DD 
01DF 
01E2 
01E14 
01E7 
01EA 



C3D701 

3EI(F 

32D287 

CD0803 

C9 

218007 
22D387 

32D2B7 

3E18 

32D587 

CD3C03 

C9 



OlEB 210000 
01 EE 22D387 
01F1 3E00 

32D287 
^20587 
:D3C03 



OIF 
OIFI 
01F9 



01FC C9 



01FD 2AD687 

0200 EB 

0201 2AD387 
020U 19 

0205 22DE87 



0208 
020A 
020B 
020E 
0211 
0214 
0217 
0219 
021A 
021D 
0220 
0223 
0226 
0229 



3E87 
EC 

021402 

CD2A02 

C32002 

C22002 

3ECF 

BD 

D22002 
CD2A02 
2ADE87 
22E287 
CD320U 
C9 



022A 2ADE87 
022D 1130F8 

0230 19 

0231 22DE87 
0231 C9 



0235 3EF0 
0237 0619 

0239 115000 
023C 210080 

023F 77 

0240 19 

0241 05 

0242 C23F02 



0245 
0248 
024B 
024E 
025 T 
0251 
0257 
0259 
025C 
025F 
0262 
0265 



210000 

22D387 

210080 

22D687 

218087 

22E687 

3E00 

32D287 

32D587 

32EJ(87 

CD3C03 

C9 



0266 2AD6a7 
0259 EB 
026A 2AD387 
026D 19 

026E 22E087 



264 

265 CCTMA: 

266 

267 

26h 

269 CCTHE: 

270 

271 

272 

273 
274 
275 
276 
277 
278 
279 

280 ESCH: 

281 

232 

283 

284 

285 

286 

287 

288 

289 

290 ESCK; 
291 

292 
293 
294 
295 
296 
297 
298 
299 
300 

301 FRODO: 

302 

303 

304 

305 

306 BILBO: 
307 
308 
309 
310 
311 
312 

314 
315 
316 

318 
319 
320 

321 ESCE: 

322 
323 
324 
325 

326 LOADX: 

327 

328 

329 

330 

331 

332 

333 

334 

335 

335 

337 

338 

339 

340 

341 

342 

^f} 
344 

345 

346 ESCJ: 

349 

350 
351 
352 



COMfIX : 



JMP 

mi 

STA 
CALL 
RET 
LXI 

SHLD 
MVI 

STA 

MVI 

STA 

CALL 

RET 



CCTMB 
A,4FH 
CCTAD 
ROWOP 

H,0780H 
RCTAD 

A,4FH 
CCTAD 
A.ldH 

cuRsy 

WP75 



HOME ROITTINE 



SHLD 

STA 
STA 
CALL 
FET 



H.OOOOH 

RCTAD 

A.OOH 

CCTAD 

CURSY 

WP75 



; ERASE LINE ROUTINE 
dHLD 



XCHG 
LHLD 
DAD 

;;hld 

HVI 

CMP 

JNC 

CALL 

JMP 

JNZ 

MVI 

CMP 

JNC 

CALL 

LHLD 

SHLD 

CALL 

RET 



TOPAD 

RCTAD 

D 

LOCXX 

A,87H 
H 

FRODO 

COMRX 

BILBO 

BILBO 

A.OCFH 

L 

BILEO 

COMRX 

LOCXX 

LOCPUF 

FILL 



JUMP TO CCTMB 

LOAD A WITH 4FH 

SET COLUMN COUNT=4FH=79D 

CALL ROWUP SUBROUTINE 

RETURN 

LOAO H&L WITH ROHCOUNT=780H=1920D 
SET ROWCOUNT =1920D 

LOAD A WITH 4FH 

SET COLUMN C0UNT=I|FH=79D 

LOAD A WITH 18H 

SET CURSOR Y P0INTER=18H=24D 

CALL LOAD CURSOR POSITION SUBROUTINE 

RETURN 



:ZER0 H&L 

;SET ROWCOUNT=0 

:ZERO A 

;SET COLUMN COUNT=0 

;SET CURSOR Y POINTER=0 

:CALL LOAD CURSOR POSITION SUBROUTINE 

J RETU RN 



;LOAD TOP IN H&L 

; STORE TOP IN D&E 

;LOAD ROWCOUNT IN H&L 

;ADD TOP+ROWCOUNT, RESULT IN H&L 

;STORE RESULT IN MEM 

LOAD 87H IN A 

COMPARE H WITH 87H 

IF NO CARRY. CONTINUE 

IF CARRY, CALL COMPENSATION ROUTINE 

JUMP TO BILBO 

IF NOT EQUAL END COMPARRISON 

LOAD CFH IN A 
COMPARE L WITH CFH 

IF NO CARRY, LOCXX LESS THAN OR EO TO 87CFH 
IF CARRY, CALL COMPENSATION ROUTINE 
LOAD LOC OF FIRST CHAR IN ROW IN H4L 
STORE LOCXX IN BUFFER 

CALL FILL ROW WITH SP CHAR SUBROUTINE 
RETURN 



; COMPENSATION SUBROUTINE COMRX 



LHLD 
LXI 
DAD 
SHLD 

RET 



LOCXX 
D,0F830H 

D 

LOCXX 



; CLEAR SCREEN ROUTINE 



MVI 
MVI 
UI 
MI 

MOV 
DAD 
DCR 
JNZ 

iLxi 

SHLD 

LXI 

SHLD 

LXI 

SHLD 

MVI 

STA 

STA 

STA 

CALL 

RET 



A. OFOH 

B, 19H 
D.SOfl 

h'Soooh 

M,A 

D 
B 

LOADX 

H.OOOOH 

RCTAD 

H,8000H 

TOPAD 

H^8780H 

BOTAO 

A.OOH 

CCTAD 

CURSY 

XFLG 

WP75 



;LOAD LOCXX IN H&L 

;LOAD COMPENSATION VALUE IN D&E 

;ADD D&E TO H&L 

;SIORE RESULT IN LOCXX 



;MOVE EOR CHAR TO A 

;MOVE LOOP CTR START VALUE =19H=25D TO B 
;MOVE 80D=50H TO D&E 
;M0VE 8000H TO H&L 

;MOVE EOR CHARACTER TO MEM 
;ADD 80D=50H TO ADDRESS IN H&L 
; DECREMENT B 

;CONTINUE LOOPING IF B NOT ZERO 

;ZERO H&L 
;ZERO ROWCODNT 



;ZERO A 

;ZERO COLUMN COUNT 

;ZERO CURSOR Y POS 

;CALL LOAD CURSOR POSITION SUBROUTINE 



; ERASE TO END OF SCREEN ROUTINE 



Lhld 

XCHG 
LHLD 
DAD 

SHLD 



TOPAD 



RCTAD 

D 



LOCPR 



;LOAD TOP IN H&L 

; STORE TOP IN D&E 

;LOAD ROW COUNT IN H&L 

;ADD TOP+ROWCOUNT, YIELDING LOC OF 

; FIRST CHAR IN PRESENT ROW 

; STORE LOCATION IN MEM 



2-167 



027D C28902 

0280 3ECF 

0282 BD 

0283 D28902 
0285 CDEE02 



VAR: 



JMP 
JNZ 
MVI 
CMP 
JNC 
CALL 



FIN 
FIN 

A.OCFH 
L 

FIN 
COMRY 



nuu L±a& 
•JUMP TO FIN 

;IF NOT EQUAL END COMPARRISOM 

;LOAD CFH IN A 

: COMPARE L WITH CFH 

;IF NO CARRY, LOCPR LESS THAN OR EO TO 87CFH 
;CALL COMPENSATION ROUTINE 



0289 
028C 
028D 
028F 
0292 
0293 
0295 
0298 
029B 
029 E 
02A1 
02A4 
02A7 
02A8 



2AD687 

7D 

FEOO 

C2A102 

7C^ 

FE80 

C2A102 

218087 

22E687 

C3AB02 

11B0FF 

2AD687 

19 

22E687 



FIN: 



02AB 31F0 

OZm 2AE087 
02H) ft 

02B1 7D 
02B2 FE80 
02Blt C2D502 
02B7 7C 
02B8 FE87 
02BA C2D502 

02BD EB 
02BE 2AE687 
02C1 7D 
02C2 BE 
02C3 C2CC02 
02C6 7C 
02C7 BA 
02C8 C2CC02 

02CB C9 
02CC 210080 
02CF 22E087 
02D2 C3AB02 

02D5 EB 
02D6 2AE687 
02D9 7D 
02DA BE 
02DB C2EU02 
02DE 7C 
02DF BA 
02E0 C2Et02 

02E3 C9 
02E4 215000 
02E7 19 
02E8 22E087 
02EB C3AB02 



02EE 2AE087 
02F1 1130F8 
02F4 19 

02F5 mmi 
02fS eg 



02F9 C35F01 



02FC 3E0O 
02FE 320287 
0301 CD3C03 
030H 09 



0305 C3B001 



TROLL: 



GZONK: 



FUN: 



VIZAR: 



NUF: 



HJMRY: 



CTHLJ: 



CTRLM: 



CTRLH: 



Lhld 

MOV 

CPI 

JNZ 

MOV 

CPI 

JNZ 

LXI 

SHLD 

JMP 

LXI 

LHLD 

DAD 

SHLD 



qrome : mvi 

. Lhu> 
mv 

fcv 

CPI 
JNZ 
MiDV 
C?I 
JNZ 



XCHG 

LHLD 

MOV 

CMP 

JNZ 

MOV 

CMP 

JNZ 

RET 
LXI 
SHLD 
JMP 

icHG 

LKLD 

MOV 

CfP 

JNZ 

MOV 

CMP 

JNZ 

RET 

LXI 

DAD 

SHLD 

JMP 



TOPAD 

A,L 

OOH 

TROLL 

A.H 

86h 

TROLL 

H,3780H 

BOTAD 

GNOME 

D.OFFBOH 

TOPAD 

D 

BOTAD 

A.OFOH 

LOGPR 
M,A 

A,L 

80H 

WIZAR 

A,H 

87H 

WIZAR 



BOTAD 

A,L 

E 

FUN 
A,H 
D 

FUN 



H.SOOOH 

LOCPR 

GNOME 



BOTAD 
A,L 

E 

NUF 
A,H 

D 

NUF 



H,50H 
D 

LOCPR 
GNOME 



;LOAD TOP IN HStL 

;MOVE L TO A 

; COMPARE BYTE TO OOH 

;IF NO COMPARRISON, JUMP TO TROLL 

•.MOVE H TO A 

: COMPARE BYTE WITH 80H 

;IF NO COMPARRISON.ajJW TO TROLL 

; IF COMPARRISON , Sif iOT=8T80H 

•(JUMP TO GNOME 

;LOAD -80D=0FFB0H IN D&E 

;LOAD TOP IN H4L 

JADD -SOD TO TOP 



LOAD A WITH EOR CHAR (LOOP START) 

LOAD LOCPR IN H&L 
MOVE EOR CHAR TO MEM 

MOVE L TO A 

COMPARE YTE WITH 80H 

IF NO COMPARRISON, JMP TO WIZAR 

MOVE H TO A 

COMPARE BYTE WITH 87H 

IF NO COMPARRISON, JMP TO WIZAR 

IF COMPARRISON, PROCEED TO GZONK 

STORE PRESENT LOG IB D4E 

LOAD BOT IN H&L 

MOVE L TO A 

COMPARE E WITH A 

IF NO COMP, JUMP TO FUN 

MOVE H TO A 

COMPARE D WITH A 

IF NO COMP, JMP TO FUN 

IFCOMPARRISON, RETURN 

RETURN 

LOAD H&L WITH 8000fl 
SET LOCPR =8000H 



STORE LOCPR IN DiB 

LOAD BOT IN H&L 

MOVE L TO A 

COMPARE E WITH A 

IF NO COMP, JMP TO NUF 

MOVE H TO A 

COMPARE D WITH A 

IF NO COMP, JMP TO NUF 

IF COMPARRISON, RETURN 

RETURN 

LOAD 80D=50H IN H&L 

ADD 80D TO LOCPR (LOCPR IN D4E) 

STORE LOCPR IN MEM 

JUMP TO GNOME 



; COMPENSATION SUBROUTINE COMRY 

iHLD LOCPR 

D,0F830H 

D 

LOCPR 



LXI 
DAD 
SHLD 
RET 

;LINE FEED ROUTINE 



;LOAD LOCPR IN H&L 

[LOAD COM VALUE IN D&E 
;ADD COMPENSATION TO LOCPR 
; STORE LOCPR IN MEM 
; RETURN 



iMP 



ESCB 



; CARRIAGE RETURN ROUTINE 



MVI 
STA 
CALL 
RET 



A.OOH 
CCTAD 
WP75 



;ZERO A 

[SET COLUMN COUNT=0 

;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 



;BACK SPACE ROUTINE 

im ESCD 



2-168 



0308 2AD387 
030B 11B0FF 
030E 19 
030F 22D387 

0312 21D587 

0315 35 

0316 dD3C03 
0319 C9 



031A 2AD387 
031D 115000 

0320 19 

0321 22D387 
0321 21D587 

0327 31 

0328 CC3C03 
032B C9 



032C 21D287 
032F 35 
0330 CD3C03 
0333 C9 



0331 21D287 

0337 31 

0338 CD3C03 
033B C9 



033C 3E80 
033E D35F 
0310 3AD287 
0313 D35E 
- 3AD587 
D35E 



0315 
0318 
031A C9 



3AD287 
FE'- 



031B , 

031E PEIF 

0350 CA5A03 



0353 
0356 
0359 
035A 
035D 
035E 
0360 
0363 
0366 
0359 
O36A 
036B 
O36D 
0370 
037| 



CD7E03 
CDBB03 

C9 . 

2AD387 

7D 

FE80 

CA6AO3 

CD7E03 

CDC303 

C9 

7C 

FE07 

CA7703 

CD7E03 

CDC303 



CD7E03 
CDDA03 
C9 



037E 2AD687 

0381 EB 

0382 2AD387 

0385 19 

0386 22DA87 

0389 EB 
038A 210000 
O38D 3AD287 

0390 5f 

0391 19 

0392 22D887 
0395 3E87 




112 

113 

1H1 

115 ROWUP: 

116 

117 

118 

449 

450 

451 

452 



ROHDN: 



COLLI: 



OOWl! 



155 
456 

4IS 

til 
461 
462 
163 
161 
165 
166 
167 
168 
469 
470 
471 
472 
173 
174 
175 
176 
177 
178 

180 
181 

182 WP75: 
I83 
181 
185 • 
4S6 
487 
488 
489 
490 
491 
192 
193 
191 
195 
196 
197 
498 
199 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 

l]l 
515 
51b 

518 

519 DISl! 

520 

521 

522 

523 

521 

525 

526 

527 

528 

529 

530 

531 



DISPL; 



CTA: 



CTB: 



CTC: 



; ROWUP SUBROUTIHE 

LHLD RCTAD 

LXI D.OFFBOH 

DAD D 

SHLD RCTAD . 

LXI H.COlSBf 
DCfi M 
CALL 

mr 

•BOWDOWN SUBROUTINE 



Lrld 

LXI 

DAD 

SHLD 
LXI 
INR 
CALL 
RET 

• COLUMN 

Ixi 

DG« 

CALL 

SET 



fiCTAD 
D,50H 
D 

RCTAD 

H.CUHSy 

M 

WP75 



;LOAD ROWCOUNT IN H&L 

;MOVE -80D=0FFB0H (2'S COMP) TO DiE 

:ADD -80D TO ROWCOUNT 

; STORE RESULT IN ROWCOUNT BUFFER 

:LOAD CURSOR Y POINTER ADDRESS IN H4L 
: DECREMENT CURSOR Y POINTER 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 



:L0AD ROWCOUNT IN H4L 

;M0VE +80D=50H TO D&E 

:ADD +80D TO ROWCOUNT 

■.STORE RESULT IN ROWCOUNT 

;LOAD CURSOR Y POINTER ADDRESS IN H&L 

: INCREMENT CURSOR Y POINTER 

:CALL LOAD CURSOR POSITION SUBROUTINE 

; RETURN 



LEFT SUBROUTINE 

H.CCTAD ;LOAD COLUMN COUNT ADDRESS IN H&L 

M ; DECREMENT COLUMN COUNT 

WP75 ;CALL LOAD COBSOR POSITION SUBROUTINE 

; RETURN 



;CQLWS RISIT SUBROUTINE 



LXI 
IHR 
CALL 
RET 



H.CCTAD 
M 

WP75 



;LOAD COLUMN COUNT ADDRESS IN H&L 
; INCREMENT COLUMN COUNT 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 



;LOAD CURSOR POSITION SUBROUTINE 



MVI 
OUT 
LDA 

out 

LDA 
OUT 
RET 



A.80H 
CROOM 
CCTAD 
CROAT 

CURSY 
CBDAT 



;L0AD A WITH 8OH, LOAD CURSOR POSITION COMMAND 

;LOAB-A WITH CUBSOR X POSITION 

;LOAD A WITH CURSOR Y POSITION 
; RETURN 



;DISPLAY CHARACTER HANDLING SUBROUTINE 



LDA CCTAD 

CPI 1FH 

JZ CTA 

CALL DISl 

CALL DISA 
RET 

LHLD RCTAD 

MOV A,L 

CPI 80H 

JZ CTB 

CALL DISl 

CALL DISB 
RET 

MOV A.H 

CPI 07H 

JZ CTG 

CALL DJSt 

CALL mSSB 

RET V [ .. 

CALL 0I$1 

CALL DISC 
RET 

; SUBROUTINE DISl 

inLD 

XCHG 
LHLD 
DAD 



SHLD 
XCHG 
LXI 
LDA 

m. 

SHLD 
MVI 



TOMB 

RCTAD 
D 

LOCOl 

H.OOOOH 
CCTAD ■ 
L»A 

6 ■ 

LOCAD 
A,87H 



LOAD COLUMN COUNT IN H&L 
COMPARE BYTE WITH 1FH=79D 
IF BYTE=4FH, COLUMN COUNTrLAST CHAR- 
ACTER IN ROW 
CALL DISl SUBROUTINE 
CALL DISA SUBROUTINE 
RETURN 

LOAD ROWCOUNT IN H&L 

LOAD LOW BYTE OF ROWCOUNT IN H$L 

COMPARE BYTE WITH 80H 

IF BYTEr80H.CONTINUE COMPARRISON 

CALL DISl SUBROUTINE 

CALL DISB SUBROUTINE 

RETURN 

MOVE UP BYTE OF ROWCOUNT TO H&L 
COMPARE BYTE WITH 07H 

IF BYTE=07H.END OF DISPLAY COND EXISTS 
CALL DISl SUW>OTINE 
CALL DISB SaBROUTINE 
RETURN 

CALL DISl SUBROUTINE 
CALL DISC SUBROUTINE 
RETURN 



LOAD TOP IN H&L 

STORE TOP IN D&E 

LOAD ROWCOUNT IN H&L 

ADD TOP+ROWCOUNT, RESULT IN H&L 

STORE LOCATION OF FIRST CHAR IN ROW 

STORE TOP+ROWCOUNT IN D&E 

ZERO H&L 

LOAD COLUMN COUNT IN A 
MOVE COLUMN COUNT TO L 
CALCULATE LOCATION- 

TOP+ROWCOUNT+COLUMN COUNT, RESULT IN H&L 
STORE LOCATION IN MEMORY 
LOAD 87H IN A 
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0397 


EC 


532 




039* 


D2A103 


533 




039B 








039E 


ADO? 






03A1 


C2AD03 


536 


NXTCM: 


03A'i 


3ECF 


537 




03A6 


BD 


538 




03A7 


D2AD03 


539 
550 




03AA 


C0E6O3 


541 




03AD 


CDFBO3 


542 


XSTAD: 


03B0 


21E587 


543 




O3B3 


7E 


544 




03B4 


E63F 


515 




03B6 


2AD887 


546 




03B9 


77 


547 








548 




03BA 


C9 


549 






550 








551 








552 




03BB 


21D237 


553 


DISA: 


03BE 


3M 


554 




03BF 


CD3C03 


555 




03C2 


C9 


556 








557 








558 














3BO0 


DO\J 


DISB : 


O3C5 


32D237 


3y 1 






2AD337 


562 




03CP 


1 15000 






03CE 




565 




03CF 


22D387 


565 






2 1 D587 


566 




03D5 


34 


Rfi7 




03D5 


CD3C03 


56^ 




03D9 


C9 


559 








570 








57 1 








572 




03DA 


3E00 


573 


DISC: 


03DC 


32D287 


574 




03DF 


CD3CO3 


575 








J I D 




03E5 


C9 


577 
578 












U3c.D 


dRUOO f 


DO 1 




3E9 


1 1 3Ur 






T EC 


1 Q 


jO ■> 




03 ED 


22D887 


^HU 
ft 




O3FO 


7 ADAH? 


^6 












Ct3F3 


t ISOFS 


m 






isf 


589 




03f7 


22Sft87 


590 




03>* 


''69* ' " 


591 








592 








593 








594 




03FB 


2ADA87 


595 


EORT: 






596 




03FE 


7E 


597 




03FF 


FEFO 


598 




0401 


C20A0t 


599 




otou 


22E287 


600 




0107 


CD3204 


601 




040A 


C9 


602 


XIT: 






603 








finu 

OUH 








A h e; 






c AUOO f 


OUD 




040E 


22E287 


607 




nil 1 1 




DUO 




om4 


e:AlJDO ( 


609 




0*117 


7D 


610 




nil 1 R 


FEdO 


oil 




0^ 1 A 




f, 10 





0M1D 


7C 


613 




041E 


FE87 


614 




0420 


C22A0lt 


615 








616 




0423 


210080 


617 




0426 


22D687 


618 




0429 


C9 


619 




042A 


1 rsooo 


620 


DUCK: 







JNC 


NXTCM 


CALL 


COMRT 


JMP 


XSTAD 


JNZ 


XSTAD 


MVI 


A.OCFH 


CMP 


L 


JNC 


XSTAD 


CALL 


COMRT 


CALL 


EORT 


LXI 


H.USCHH 


MOV 


A.M 


ANI 


3FH 


LHLD 


LOCAD 


MOV 


M,A 


RET 




•SUBROUTINE DISA 



iLxi 

INR 

CALL 

RET 



; SUBROUTINE DISB 



H.CCTAD 
M 

WP75 



MVI 

ST A 

LHLD 

LXI 

DAD 

SHLD 

LXI 

INR 

CALL 

RET 



A.OOH 

CCTAD 
RCTAD 
D,50H 
D 

RCTAD 

H.CURSY 

H 

(B>75 



; SUBROUTINE DISC 

hi A.OOH 

STA CCTAD 

CALL WP75 

eSLL SCROL 
RET 



COMPARE H WITH 87H 

IF NO CARRY, CONTNUE COMPAmSOK 

IF CARRY, CALL COMPENSAllWI MOTE 

JUMP TO XSTAD ■ 

IF NOT EQUAL, END COMPARBISON 

LOAD OCFH IN A 

COMPARE L WITH OCFH 

IF NO CARRY, LOCATION LESS THAN 

OR EQUAL TO 87CFH 

IF CARRY, CALL COMPENSATION ROUTINE 

CALL END OF ROW CHAR TESfi BOOTIHE, 

LOAD USART CHAR ADD IN SftL 

MOVE USART CHAR TO A 

MASK OFF UPPER 2 BITS OF t»*« 

LOAD LOCATION IN H4L 

MOVE CHARACTER Kk.f^kCfm 

LOCATION IN DISPLAt MEMSW 

RETURN 



;LOAD COLUMN COUNT ADD IN H4L 

; INCREMENT COLUMN COUNT 

:CALL LOAD CURSOR POSITION SUBROUTINE 

; RETURN 



ZERO A 

ZERO COLUMN COUNT 

LOAD ROWCOUNT IN HiL 

LOAD 80D=50H IN D4E 

ADD +80 TO ROWCOUNT 

STORE ROWCOUNT IN MEMORY 

LOAD CURSOR Y POSITION ADDRESS IN HiL 

INCREMENT CURSOR Y POSITION 

CALL LOAD CURSOR POSITICW SUBROUTINE 

RETURN 



;ZERO A 

;ZERO COLUMN COUNT 

;CALL LOAD CURSOR POSITION SUBROUTINE 



; RETURN 



; ADDRESS COMPENSATION SUBROUTINE 



LHLD 
LXI 
DAD 
SHLD 

j-HLD 



LOCAD ;LOAD CHARACTER LOCATION 

D,OF830H ;LOAD COMPENSATION VALUE IN D4E 

D ;Ar ) COMPENSATION TO LOCATION 

LOCAD ; STORE MODIFIED LOCATION IN MEMORY 

L0C01 ;LOAD LOCATION OF FIRST C»*B 

;IN ROW IN H&L 

;LOAD COMPENSATION VALUE IH B4L 
:ADD COMPENSATION TO L0C01 
: STORE MODIFIED L0C01 IN MEMORY 
; RETURN 



LXI D,0F830H 
DAD D 
SHLD LOC01 
RET 

•END OF ROW TEST ROUTINE 



LHLD 

MdV 

CPI 

JNZ 

SHLD 

CALL 

RET 



L0C01 

A.M 

OFOH 

XIT 

LOCBUF 

FILL 



; SCROLL SUBROUTINE 
dHLD 



SHLD 
CALL 

LHLD 

MOV 

CPI 

JNZ 

MOV 

CPI 

JNZ 

LXI 
SHLD 
RET 
LXI 



TOPAD 
LOCBUF 
FILL 
TOPAD 
A.L 

86h 

DUCK 
A,H 

87H 
DUCK 

H.SOOOH 
TOPAD 

D,50H 



LOAD LOCATION OF FIRST CHAR 
IN ROW IN HiL 

MOVE FIRST CHAR IN ROW TO A REG 

COMPARE CHAR WITH OFO (END OF ROW CHAR) 

IF NO COMPARRISON, EXIT 

STORE FIRST CHAR IN ROW ADD IN LOCBUF 

CALL FILL ROW WITH SPACE CODES SUBROUTINE 

RETURN 



LOAD TOP IN H&L 

STORE FIRST CHAR IN HOW ADD IN LOCBUF 
CALL FILL ROW WITH SPACE CODES SUBBOOTIUE 

MOVE TOP TO HiL 

MOVE LOWER BYTE OF TOP TO A 

COMPARE TOP WITH MAX VALUE 

IF NO COMPARRISON EXISTS, CONTINUE SCROL 

MOVE UPPER BYTE OF TOP TO A 

COMPARE TOP WITH MAX VALUE 

IF NO COMPARRISON EXISTS, CONTINUE SCROL 

IF COMPARRISON, TOP=MAX VALUE=8780H 

IF COMPARRISON, MODIFY TOP TO T0P=8000H 

STORE MODIFIED TOPAD IN MEMORY 

RETURN 

MOVE 60D=50H TO D&E 



2-170 



0lt2D 19 
0U2E 22D687 
0U31 C9 



0132 2AE287 

OM35 115000 

01138 19 

0139 22DC87 

Oi(3C 012020 

OMSF 210000 

0H52 39 

041t3 EB 

OW 2ADC87 

04147 F9 

04U8 C5 

0119 C5 

OIIA C5 

OUtB C5 

Otic C5 

OtlD C5 

OltlE C5 

OHHF C5 

0450 C5 

0451 C5 

0452 C5 

0453 C5 
0454 
0455 
0456 
0457 
0458 

0459 C5 
045A C5 
045B C5 
045C C5 
045D C5 
045E C5 
045F C5 

0460 C5 

0461 C5 

0462 C5 

0463 C5 
0464 
0465 
0466 

0467 C5 

0468 C5 
0459 C5 
046A C5 
046E C5 
046C C5 
046D C5 
046E C5 
046F C5 

0470 EB 

0471 F9 

0472 C9 



C5 
C5 
C5 
C5 
C5 



C5 
C5 
C5 



0473 3E0O 
0475 D348 

0477 2AD687 
047A 7D 
047B D344 
047D 7C 
047E D344 

0480 7D 

0481 2F 

0482 6F 

0483 7C 

0484 2F 

0485 67 

0486 23 

0487 11CF87 
0U8A 19 
048B 110080 
048E 19 



FILL: 



684 
685 
686 
687 
68^ 
689 

590 RT75: 



DAD D 
SHLD TOPAD 
RET 

fill subroutine 
£hld LOCBW 



LXI 

DAD 

SHLD 

LXI 

LXI 

DAE 

XCHG 

LHLD 

SPHL 

fu5;H B 
pu5;h b 

PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSS B 
POSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
POSH 6 
PUSH B 
POSH B 
POSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH P 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
XCHG 
SPHL 
RET 



D,50H 

D 

L0C80 
B,2020H 
H.OOOOH 
SP 

L0C80 



:ADD 80D=50H TO TOP 

: STORE MODIFIED TOPAD IN MEMORY 

; RETUJHJ 



LOAD LOCATHffll OF FIRST CHAR IN ROW 
OR FIRST C8«S IN TOP ROW IN H&L 
LOAB.iOD=50« H B4E 

CALCULATE LSCATION OF LAST CHAR IN ROW 
STORE LOCATION OF LAST CHAR IN ROW IN MEMORY 
LOAD SPACE CHARACTERS IN B&C 

ZERO H&L 

ADD SP TO H&L, TRANSFERRING SP TO H&L 
STORE STACK POINTER IN DiE 
LOAD LOCATION OF LAST CHAR IN ROW IN H&L 
LOAD LAST CHAR LOCATION IN SP 

EXECUTE THE LIST OF PUSH B COMMANDS TO 
FILL THE LINE WITH BLANK CHARACTERS 



J STACK POINTER TRANSFERRED TO H&L 

;RBSmRE STACK 

;RefMi 



8275 INTERRUPT SERVICE SUMi^TINE 
8257 REINITIALIZATION 



MVI 
OUT 

Lhld 

MOV 
OUT 
MOV 
OUT 

fev 

CKA 
MOV 
MCV 
CI" A 
MCV 
INX 

LXI 
DAD 
LXI 
DAD 



A,MDC57 
PMD57 

TOPAD 

A.L 

PC2SA 

A.H 

PC2SA 

A,L 

L,A 
A,H 

H,A 

H 

D,87CFH 

D 

D,8000H 
D 



MOVE MODE CLEAR COMMAND TO A 
OUTPUT MODE CLEAR COMMAND TO 8257 

LOAD TOP IN H&L 

LOAD CH 2 START ADD, LOW BYTE, IN A 
OUTPUT CH 2 START ADD TO 8257 
LOAD CH 2 START ADD, UP BYTE, IN A 
OUTPUT CH 2 START ADD TO 8257 

LOAD LOW BYTE OF TOP IN A 
COMPLEMENT A 

LOAD COMPLEMENTED VALUE IN L 
LOAD UP BYTE OF TOP IN A 
COMPLEMENT A 

LOAD COMPLEMENTED VALUE IN H 
INCREMENT HiL, YIELDING 2'S COMPLEMENT 
OF TOP IN A 
LOAD 87CFH IN D4E 

ADD H&L TO Die, YIELDING 37CFH-TOP 
LOAD D4E WITH 80001! 
ADD 8000H TO 37C?- : 
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OUSF 


7D 


0190 


D345 


01t92 


7C 


01493 


D345 




pinnftn 


0498 


7D 


0499 


D346 


049 B 


7C 


049c 


D346 


049E 


21CF87 


04A1 


7D 


04A2 


D347 


04 A4 


7C 






04A7 


3E84 


nil AO 




04AB 


DB6F 


04AD 


E6O7 


04AF 


CAB504 


04B2 


CDB604 


0485 


C9 



04B6 DBSE 
04B8 EECO 
04BA 21F804 
04BD 110000 
04C0 5F 
04C1 19 



04C2 DBFS 
04C4 E60T 
04C6 CAC201 
04C9 7E 
04CA E67F 



04CC D3VA 
09 



ones 



04D0 
04D2 
04D4 
04D6 
04D8 
04DA 
04DC 
04DE 
04E0 
04E2 
04E4 
04E6 
04E8 
04EA 
04EC 
04EE 



CFOU 
3901 
5F01 
7D01 
B001 
3502 
CF04 
CF04 
EB01 
CF04 
6602 
FD01 
CF04 
CFG 4 
CF04 
CF04 



04FO 0503 
04F2 F902 
04F4 FC02 
04F6 CF04 



04F8 30 
04F9 30 
04FA 30 
04FB 30 
04FC 30 
04FD 30 
04FE 30 
04FF 30 



KPOLL: 


In 


KCOM 




ANI 


07H 




JZ 


ZIP 




CALL 


XMIT 


ZIP: 


RET 





711 
712 

715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
72b 
727 
728 
729 
730 

732 
733 
734 
735 
736 
737 
738 
739 
740 

741 XMIT: 

742 

743 

744 

745 

746 

747 

748 

749 USZ: 
750 
751 
752 

m 

755 

756 
757 
758 

759 DUMY: 

760 

761 

762 

763 

764 

765 

766 

767 

768 BSET1: 

769 

770 

771 

772 
773 
774 
775 
776 
777 
778 
779 
7S0 
781 
782 

]U 

786 BSET2: 

787 

788 

789 

790 

791 

792 BSET3: 

793 

794 

795 

796 

797 

798 

799 



MOV 
OUT 
MOV 

OUT 

Lxi 

MOV 
OUT 
MOV 
OUT 

£,XI 

MOV 
OUT 
MOV 
OUT 
MVI 
OUT 



A.L 

PC2TC 
A.H 

PC2TC 

H,8000H 

A.L 

PC3SA 

A.H 

PC3SA 

H,87CFH 

A,L 

PC3TC 

A.H 

PC3TC 

A,MDS57 

PMD57 



•MOVE LOW BYTE OF CH 2 TC TO A 
; OUTPUT CH 2 TC TO 8257 
;MOVE UP BYTE OF CH 2 TC TO A 
; OUTPUT CH 2 TC TO 3257 

;LOflD 8000HIN H&L 

;MOVE LOW BYTE OF CH 3 STAKT ADD TO A 
; OUTPUT CH 3 START ADD TO 8257 
;MOVE UP BYTE OF CH 3 START ADD W Ar • 
; OUTPUT CH 3 START ADD TO 8257 

;LOAD CH 3 TC VALUE IN HSt . -.r ; 

'MOVE L TO A < 

I OUTPUT CH 3 TC TO 3257 

;MOVE H TO A 

; OUTPUT CH 3 TC TO 8257 

;LOAD A WITH MODE SET VALUE 

; OUTPUT MODE SET TO 8257 



KEYBOARD POLLING ROUTINE 



INPUT FIFO STATUS 
MASK STATUS, SAVE BITS 0-2 
TEST FOR CHARACTBB PBESEST 
CALL CHARACTER f«ftl^IT •ffTIIIi! 
RETURN - 



CHARACTER TRANSMIT SUBROUTINE 



In 

XRI 
LXI 
LXI 
MOV 
DAD 



IN 

ANI 

JZ 

MOV 

ANI 

OUT 

RET 



KDAT 
OCOH 
H,BSET3 

D. OOOOH 

E, A 
D 



CNCTL 

01H 

USZ 

A.M 

7FH 

CNOUT 



INPUT FIFO CHARACTER 
INVERT TOP 2 BITS ^ ' 

LOAD BASE ADD OF TABLE 3 IN H&L 
ZERO D&E "j 
LOAD E WITH CHARACTER FROM FIFO 
CALCULATE ADD IN LOOKUP TABLE 
CONTAINING ASCII CHARACTERS 
CORRESPONDING TO KEY POSITION IN MATRIX 
INPUT USART STATUS 

MASK STATUS. SAVE TRAMSMlM^B BE*DJ B15 

TEST READY BIT 

MOVE ASCII CHAR TO A 

MASK BIT 7 

OUTPUT CHAR FROM USART 
RETURN 



DUMY ROUTINE DEFINITION 
AeT ; RETURN 



TABLE DEFINITION AREA 



DW 
DW 
DW 

DW 

DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 
DW 

f 

6w 

DW 
DW 
DW 

is 

DB 
DB 
DB 
DB 
DB 
DB 
DB 



DUMY 
ESCA 



ESCC 

ESCD 
ESCE 
DUMY 
DUMY 
ESCH 
DUMY 
ESCJ 
ESCK 
DUMY 
DUMY 
DUMY 
DUMY 



CTRLH 
CTRL J 
CTRLM 
DUMY 



; DUMMY CHARACTER 



3M72 



0500 30 800 DB 

0501 30 801 DB 

0502 30 ■ 802 DB 

0503 30 803 DB 
050* 30 805 DB 

0505 30 805 DB 

0506 30 806 DB 

0507 30 807 DB 

0508 1B 808 DB 

0509 OA 809 DB 
050A 2C 810 DB 
050B OD 811 DB 
050C 20 812 DB 
050D 7F 813 DB 
050E 2E 8llt DE 
050F 2F 815 DB 

0510 5A 816 DB 

0511 58 817 DB 

0512 4D 818 DB 

0513 56 819 DE 



0515 30 820 DB 30H 

0515 53 821 DB Sp 

0516 HE 822 DB 4EH 

0517 52 823 DB 42H 

0518 30 825 DB 30H 

0519 2D 825 DB 2DH 
051A HF 826 DB 4FH 
051B i4C 827 DB 4CH 
05 1C 39 828 DB 39H 
05 ID 3A 829 DB BAH 
05 IE 50 830 DB 50H 
051F 3B 831 DB 3BH 

0520 53 832 DB 53H 

0521 45 833 DB 55H 

0522 5B 835 DB HBH 

0523 m 835 DE 117H 
0525 U1 836 DB HIH 

0525 te 837 DB i)6H 

0526 4A 838 DB 4AH 

0527 58 839 DB 1|8H 

0528 57 850 DB 57H 

0529 55 851 DB 145H 
052A 19 852 DE ^9^i 
052B 55 8U3 DB 55H 
052C 51 855 DB 51H 
052D 52 845 DB 52H 
052E 55 856 DB 55H 
052F 59 857 DE 59H 

0530 32 848 DE 32H 

0531 33 849 DB 32H 

0532 38 850 DB 38h 

0533 35 851 DE 35H 
0535 31 852 DB 31H 

0535 35 853 DE 35H 

0536 37 855 DB 37H 

0537 36 855 DB 35H 

0538 30 856 DB 30H 

0539 30 857 DB SOfl 
053A 30 858 m 30H 
053B 30 859 DB JOB 
053c 30 850 DB 30H 
053D 30 861 DB 30H 
053E 30 862 DE 3OH 
O53F 30 863 DB 3OH 

0540 30 864 DB 30H 

0551 30 865 DB 3OH 

0552 30 866 DB 3OH 

0553 30 867 DB 30H 

0554 30 868 DB 30H 

0555 30 869 DB 30H 

0556 30 870 DB 3OH 

0557 30 871 DE 30H 

0558 30 872 DE 30H 

0559 30 873 DE 30H 
055A 3C 874 DE 3CH 
055B 30 875 DB 30H 
055C 30 876 DB 3OH 
055D 30 877 DB 30H 

0517 52 823 DB 42H 

0518 30 824 DB 30H 

0519 2D 825 DB 2DH 
051A 4F 826 DB 4FH 
051B 4C 827 DB 4CH 
05 1C 39 828 DB 39H 
051D 3A 829 DB BAH 
05 IE 50 830 DB 50H 
05 IF 3B 831 DB 3BH 

0520 53 832 DB 53H 

0521 145 DB SSh 

0522 DE 4EH 



ESC 
LF 

6r 

SP 
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Slave miicrocomputer lightens 
main microprocessor load 

by Don Phillips and Allen Goodman, inieicorp-. santaoam. catt 



□ Peripheral devices for microprocessors are growing in 
number and complexity to the point where they are 
taxing the processor's time and memory. Nor do simple 
interface adapters that contain no intelligence of their 
own lighten the burden of managing such peripheral 
equipment as floppy disks, cathode-ray-tube displays, 
and keyboards. What can save the day for the central 
processing unit is a new class of peripheral CQntrollers: 
intelligent microcomputer-based univ^S^l peripheral 
interface chips. 

In essence, what the upi microcomputer does is act as 
a slave processor to the main-system CPU. With a built-in 
processor and memory, it greatly eases the handling of 
real-time tasks such as controlling printers, encoding 
keyboards, and multiplexing displays. In fact, entire 
control algorithms can be programmed locally in the 
slave processor, instead of taxing the limited memory 



space and execution time of the main system. Moreover, 
the device substantially increases the overall efficiency of 
a system, since two processors—the central CPU and the 
slave UPI device— are working in parallel. 

A peripheral controller 

In operation, the upi microcomputer acts as a periph- 
eral controller rather than just an interface adapter. Its 
architecture, detailed in Fig. 1, is similar to the recently 
introduced 8048 one-chip microcomputer: it has an 8-bit 
CPU, 64 bytes of random-access memory, 1 ,024 bytes of 
read-only memory, a timer/counter, and 18 input/out- 
put lines. In fact, the device executes the same basic set 
of instructions as does the 8048, except for special 
tailoring of data-bus operations to better suit control 
applications. The difference is that the new peripheral- 
controlling microcomputer is designed to function as a 
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1. Smart intsrfac*. With an 8-bit CPU. 64 bytes of RAM. and 1,024 words of ROf^ or erasable PROfut, the universal peripheral interface chip 
is an intelligent peripheral controller rather than a simple interface adapter. The architecture of Ihe chip is similar to that of the 8048 
microcomputer. It uses nearly the same instruction set, save for slight variations that improve data-bus operations. 
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Z SlavM. The microcomputet-based univer- 
sal peripheral Interface chips— the 8741 with 
erasable PROM and the 8041 with mask- 
programmed ROM— are>eonn(ieted as slave 
pr(x;essors to a main (Drocessor (here an 
8080 CPU) to tal<e over Its i/0 chores. 

slave processor to the main-system processor. 

The chip is the first microcomputer made specifically 
for a multiprocessor environment n which a master 
processor sends information to one or more slave proces- 
sors that in turn control peripheral devices. To accom- 
modate a variety of master processor types, including the 
8080, the enhanced 8085, and other 8-bit processors, the 
chip has bus interface registers that work directly with 
the central processor's data bus. 

Two peripheral controllers are available: the 8741 and 
the 8041, identical except in one respect. The 8741 has 
an ultraviolet-erasable, electrically programmable ROM 
plus the special capability of running through a program 
a single step at a time. It is designed for low-volume 
applications requiring program development, as in proto- 
type testing and custom interfacing The 8041 has a 
conventional mask-programmable ROM and features a 
low-power standby mode. It is intended to replace the 
8741 once a system design has been set. The 8741/8041 
connections for a master-slave arrangement are shown in 
the block diagram of Fig. 2. 

The master processor and the peripheral controller 
communicate through an asynchronous data-bus buffer 
register on the UPl. Data and commands are received 
from the master processor through the dbb, and status 
and data information are returned through it to the 
master. The controller sends status information to the 
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main processor from a 4-bit status register that uses four 
of the buffer register's eight lines. 

The configuration of the dbb and status registers is 
shown in Fig. 3. The master processor controls data 
transfer to the upi by four input lines: the address-input 
signal specifies whether a command or a data word is 
being sent; the chip-select line is an enable input that 
permits communication with the interface, and the read 
and write lines are used to stroke output and input data, 
respectively. The master processor uses these signals to 
direct the exchange of information through the dbb 
register, which serves as temporary storage for 
commands and data flowing between master and slave 
processors. 

The four flags 

The status register comprises four flags that direct the 
handshaking between the master and slave processors. 
The first is a general-purpose flag, which is set by 
programming in the 8041/8741 and used to prevent 
contention over the dbb register between master and 
slave processors. Another is the command/data flag 
that, when set, indicates that command information is 
being transferred. The input-buffer-fuU flag is set when- 
ever the DBB register is loaded with a word from the 
main processor, and the output-bufFer-full flag is set 
when the upi loads its dbb register. 
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Protocol for the interface begins with the master 
processor writing an 8-bit character into the buffer regis- 
ter. This sets the ibf flag, signaling the peripheral 
controller with an internal interrupt. The DPI can then 
transfer the 8-bit data byte to its accumulator at any 
time under software control, which clears the IBF flag. 

In transferring data in the other direction— from slave 
to master— the peripheral chip loads the dbb register 
while automatically setting the obf flag. The master 
processor can then read the status register to determine 
that the obf flag is set and can proceed to take in data 
from the buffer register, at the same time clearing the 
flag in preparation for the arrival of more data. 

Transfer of data within the peripheral controller is 
asynchronous to external processor timing. The chip can 
thus effectively control peripheral devices while data 
transfers go on unhindered. Moreover, the dbb register 
isolates peripheral control tasks from the main processor. 
Task isolation is desirable in that it eases software devel- 
opment and debugging within a given system (by 
modularizing functions). In addition, it is certain to 
enhance data throughput, since two microprocessors are 
running concurrently. . 

Optimized for control 

The CPU and instruction set of the 8041/8741 are 
designed to efficiently handle the single-bit operations 
required in most control applications, including i/o oper- 
ations and data-bit manipulation. Two 8-bit-wide ports, 
compatible with transistor-transistor logic, are provided 
on tjie chip. (Sixteen additional lines may be had wi^ 
the addition of an 8243 i/o expaff&i ch^f'wW^ Mtis 
up half the lines of I/O port 2.) Two inputs to the 
peripheral controller are provided that may be tested 
with conditional (Hianc^ instructions in upi software. 
Any port line can be set or cleared individually under 
software control, and any line can function as either 
input or output, irrespective of remaining lines. 

The timer/event-counter included on the peripheral 
controller can be preset, <read, started, or stopped under 
software control. In the timing mode, an intjsrnal oscil- 
lator can be set by a crystal or an LC mt^cork. In the 
event-counter mode, the Ti input may be use4 Ifi covnt 
switch clos^ires or tachometer piilse^i directing-! program 
flow accprdiltgly. If the counter has bepn {»'eset, a flag is 
available that indicates overflow, and it .e^n signal the 
master processor.; 

The 1,024' bytes of on-chip ROM ar6:sufficient for most 
dedicated prpgramming applications. TypiciUy,, key- . 
board encoding or printer control requirfis iOCXto 10^ 8t 
bit bytes, and therefore ample program space is available 
for additional functions. : ; 

Of the 64 locations in the on-^% kam, there are two 
8-byte register banks, an eight>^l^i program-counter 
stack, and 32 bytes of user ram. The dual 
8-byte register banks allow fast response to interrupts 
such as the ibf flag or time overflow, The stack also 
provides conv^ent handling of subroutine tells and 
storage of other data. 

The thrust of the peripheral-controller chip is p its 
isolatiion of periph^pl |asks from the laam^pro^sor. 
Since its Jii* ^is ■specifically : few cdatrd,^*ie i»ai» 
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3. Buffer to the but. The data-bus buffer register (DBB) provides 
temporary storage for commands and data (lowing between ttie LJPI 
and a main-system processor. The status register puts four signals on 
the data bus that between them inform the main processor of the 
statiisof the DBB and also establish a handshaldng protocol. 





DOT-MATRIX PRINTER 




LINE 


FORM 




PRINT FEED 


HOLD 


SOLENOIDS 



MOTOR DRIVERS 




4k MHIar eoiitfitti. Memory In ttie 8741/8041 allows the device to 
buffer as many as 40 characters to be printed. The main-system 
processor can transfer a block of data at this speed and then 
continue with other tasks while the UPl's bidirectional I/O ports 
monitor and control sequential-character printing. 
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S. Using the UPl. Typical applications of the 8741/8041 include (a) 
a keyboard scanner in which an 8243 input/output expander is 
added to permit the encoding of as many as 128 keys, (b) a process- 
control subsystem implemented with an analog multiplexer and a 
digital-to-analog converter, and (c) a generalized distributed 
processing system that employs up to seven of the devices as slave 
processors, connecting them to a single 8048 microcomputer. 



pr(}cessor. can therefore be left to d@Vli)«4j^i !iiiitti(iEiis - 
and transfer data, while the UPi woM& &1teartiin&"' 

One application might be the controlling of a printisr 
peripheral to an 8080 system, as shown in Fig. 4. TBe 
entire real-time control portion of the task can be 
handled by the peripheral controller. With its built-in 
timer, it easily handles timing functions like character 
spacing, print position, and line feed. The UPI has ample 
I/O ports for a 40-column dot-matrix printer. 

In this printer application, the dbb register allows for 
standardization of data transfer to asd from the 8080- 
based main processing system. To &0 this, one typical 
format might be for the main processor to send a start 
command followed by a full line of 40 ASCII characters. 
The peripheral controller would then store the characters 
under program control in a portion of the ram and begin 
execution of the printing as soon as the print head and 
line feed were iii the proper position. In the meantime, 
the main processor returns to othe^lirillt; Th^ ROjit'ili' 
the 8041/8741 can be used to convfert'ttfe'ASdii «dde id 
dot-matrix or other formats. 

In printer applications, standardization is the key 
feature offered by the slave peripheral controller. 
Without any changes in the 8080-based main processing 
system, the UPi can be programmed to handle any 
printer mechanisms— dot matrix, drum, spherical head, 
and so on. In this way, a designo' can easily upgrade the 
peripherals in his system with it iliiilijMiun of change in 
the master-processor software. 

A keyboard application 

Figure Sa illustrates an application in which tile new 
chip plus an 8243 i/o expander provide a compact 
system for scanning and encoding as many as 128 keys 
from a terminal keyboard. N-key rollover aiKl debottnce 
are implemented by using the on-chip raW^ Keep a 
copy of the key status after each scan. When a key 
closure is detected, the 8041 uses a ROM look-up table to 
generate the appropriate ASCII code for transfer to 
master processor. As many as 16 characters can m 
stored and transferred in a block to the master processor. 

The analog process-control subsystem illustrated in 
Fig. Sb can be implemented using an analog multiplexer 
and digital-to-analog converter along with the 8041. In 
this configuration, the peripheral controller can monitor 
and digitize eight analog inputs, perform linearization 
(using equations or ROM look-up tables), check for limits 
and zero offsets, and receive control information that 
could determine new limits. 

Figure Sc illustrates a generalized distributed- 
processing system using as many as seven 8041s as slave 
processors connected to a single 8048 master processor. 
Port 2 of the 8048 provides seven chip-select lines to the 
peripheral controllers plus the command/data control 
function. This low-cost, low-speed multiprocessor config- 
uration has many advantages over a single high-sjjeed 
processor. The peripheral controllers are designed espe- 
cially for control or interface applications, and each can 
be programmed to handle a single isolated task. This 
modular approach allows easy development and debug- 
ging of the system. □ 
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f\s a preliminary discussion, some characteristics of the 
Intel 8253 programmable interval timer are presented. 
This extremely versatile input /output chip has various 
potential uses such as a real-time clock, event counter, 
and period counter, in addition to replacing software- 
implemented timing !■ )ops. For example, interval tim^ 
have been used in a digital cardiotachometer, a data- 
logging timer that employed seveial phototrahsistors 'to 
measure velocities and accelerati(»is, and a program to 
sample nonperiodic waveforms for subsequent display on 
an oscilloscope.* 



The 8253 is a 24-pin integrated circuit that requires a 
single 5-V supply and contains three independent 16-bit 
interval timers, each of which can be operated in six 
different modes. An interval timer is a device for mea- 
suring the time interval between two actions, or a timer 
tliat -switches electrical circuits on or off for the duration 



•Dr Dejong of the Dept of Mathematics /Physic at fee 
School of the Ozarks, Point Lookout, Mo has implemented 
the timers in these simple, hut diverse, applications. 
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Fig 1 Interface circuit between 8253 program- 
mable Interval timer and 8080/80SS mieFocotn- 
puter. Timer uses four locations of memory In 
this memory-mapped Interface circuit 
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TABLE 1 

AddnMlng tti* 8253 Programmabia Intenal TImar 
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Memory Address In 
Demonstration Program 
and Interface Circuit 
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Load counter #0 
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Lo8d counter ^1 
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Load counter #2 
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No operation (3-tt8te) 
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of the preset time interval.' Fig 1 ser\'es the dual purpose 
of giving the pin diagram of the 8253 chip, while showing 
how the chip can be interfaced with an 8080A/8085 
based microcomputer system using memoryrmapped In- 
put/output (i/o).* 

Four internal registers— three interval timers and a con- 
trol register— that are decoded as memory locations 200 000 
through 200 003 with the aid of the address bus signals 
AO, Al, and A15 (see Fig 1 and Table 1) are conteined 
on die 8253 chip. In Table 1, the kd and WR cfflitrol in- 
puts determine whether a specific register is being loaded 



or read. It is not possible to read the contents of the con- 
trol register. 

Table 2 summarizes the coding for the 8-bit control 
register within the chip. Bits D7 and D6 determine the 
selection of the interval timer; bits D5 and D4 determine 
the nature of the read/write operation associated with 
the chosen timer; bits D3, D2, and Dl, the mode of 
oper^on of the timer; and bit DO, whether the timer 
com^ down in binary or binary-coded dedmal (bcd). 

.Fig 2 ^i^des, a Ubck d^ang % ^.^ggm^iieemlliec 
in ibs diip. Tba auGroeoraputer..lQa#;F^,,|^^..^i^ 
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Fig 2 Functional diagram of each of three 
16-bit Interval timers in 8253 chip. Gate 
input acts aKematively as gate, trigger, or 
reset Input, depending upon mode chosen 
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counter as two soodessive bytes, a m and u> byte^ via ibe 
bidirectional data bus, DO through D7. ff the ^ite Une, 
GATE, is active, negative edge transitions at the CLK 
input decrement the counter. When the counter reaches 
zero, OUT becomes active, its actual behavior depending 
upon the mode programmed into the control register for 
the counter (see Table 2). The three 16-bit counters on 
the chip can each be programmed independently in any 
one of the six modes of operation. Counter inputs and 
outputs— CLK, GATE, and OUT— for the chosen coimter 
are independent of the CLK, GATE, and OUT i/o of the 
remaining two counters on the chip. 

In addition to the address, data, and eontitd bus con- 
nections shown in Fig 1, the CLKO and GAIHO inpute to 
counter are respectively connected to flie ^2 [transistor- 
transistor logic (ttl)] microcomputer clock output (typi- 
cally 2 MHz) and to bit of accumulator output port 000. 
Any TTL level clock with a frequency of less than 2 MHz 
can be used as input to CLKO, and any suitably debounced 
switch or source of strobe pulses can be used to control 
the timer at GATEO. The output of the counter, OUTO, 
can be connected to an oscilloscope to permit observation 
of each of the six timer modes of operation. 

Next month's discussion wiU focus on the bdiavior of a 
demonstration program for the 8253 programmable pe- 
ripheral interface chips, which are furth^ described in 
'Rek 3 and 4. This program wiU illustrate the loadtog, 
latching, and reading of counter as well as the various 
output modes. 
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Coding for 8-Bit Control Reglatar In 8253 Chip 
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ORDERING INFORMATION 



Semiconductor components are identified as follows; 



Example: 
M 



Package Type 
B — Hermetic Package, 
C — Hermetic Package, 
D — Hermetic Package, 
M - Metal Can Package 
P — Plastic Package 
X — Unpackaged Device 



IVI — Indicates Military Operating 
Temperature Range 



Four or five characteis 
per device type 



Type B 
Type C 
Type D 



Up to three character 
modifier for power, 
speed, processing, etc. 



Examples: 

P5101L CMOS 256 X 4 RAIVI, low power selection, plastie package, commercial temperature range. 

C8080A2 8080A Microprocessor with 1,5 #s cycle time, hermetic package Type C, commercial 
temperature range. 

MD3604/C 512X8 PROM, hermetic package Type D, military temperature range. Ml L-STD-883 Level 

C processing.* 

MC8080A/B 8080A Microproceissor, hermetic package Type C, military temperature range, Ml L-STD-883 
Level B processing.* 



Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative of fey vwriting directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



*0n military temperature devices, B suffix Irmicates f^L-STOi^ t,e»9l B processing. Suffix C indicates MIL-STD-883 Level 
C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 
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.S3S (13.589) 




.125 (3.1751 
MIN. 



.no (2-794) 
.090 (2.2861 



.625 
- MAX. - 
(15.8751 



.010 TYP 
(0.254) 



St 



L.680 
(16.510)— • 

REF. 



28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 





.200 (5.080) 
MAX. 



.125 (3.175) J 
IMIN. 

.110 (2.794) 

.090 (2.286) 



-160 ( 4.064) 
.150 (3.810) 




.060 TYP 
(1.524) 



.032 TYP 
(0.813) 



X, 



.016 MIN. 
(0.381) 

jii>ia.4Wt 



MAX. - 
(15.875) 



.010 TYP 
(0.264) 



r 

0- 

! ,1 



40-LEAD PLASTIC DUAL IN-LINE 
P4eKA6E TYPE P 




.110 (2.794) 
.090 (2.286) 



.020 (0J08) 
.016 (0.4061 



.625 
- MAX. - 
(15.875) 



aiotvp 



PACKAGING INFORMATION ah dimensions in inches and (millimeters) 
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